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Hatching Enzyme: 


Past, Present and Future 


Juro IsHIDA! 


Zoological Institute, Faculty of Science, University of Tokyo, 
Bunkyo, Tokyo 113, Japan 


At the end of the last century, Kerr first suggested 
that “‘some ferment” secreted from the embryo 
of the African lungfish, Lepidosiren paradoxa, 
dissolves the “‘horny shell’’ (egg envelope) at the 
time of hatching [1]. This assumption was 
supported by Bles in the African clawed toad, 
Xenopus laevis [2]. In Japan, Moriwaki identified 
the unicellular gland on the embryonic body of 
the salmonid fish, Oncorhynchus keta as the organ 
responsible for secreting ‘‘a kind of ferment” 
which dissolves the chorion [3]. He showed that 
the material secreted from one embryo into 
0.7 ml of water was able to dissolve 15 chorions 
from within. A few years later, similar obser- 
vations were carried out by Wintrebert in the 
rainbow trout, Salmo irideus (gairdneri) [4] and 
also in the perch, Perca fluviatilis [5]. On the 
other hand, Saguchi [6] carried out an extensive 
cytological studies on the divided dorsal gland 
in the anuran, Rhacophorus schlegerii and other 
species, although he did not notice that the 
glands were actually involved in hatching. In 
1931, Needham presented the concept of 
“hatching enzyme” in his monumental series of 
“Chemical Embryology” [7]. 

In 1936, the present author showed that a 
specific protease secreted by sea urchin embryos, 
Hemicentrotus pulcherrimus, dissolves the ferti- 
lization envelopes just before hatching [8]. This 
finding was confirmed by Kopac in Arbacia 
punctulata [9]. Sugawara [10] observed that 
calcium ion is necessary for the action of hatching 
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enzyme using the embryos of three species of 
Japanese sea urchins. Later, in 1960, the sea 
urchin hatching enzyme was purified to crystallinity 
in the author’s laboratory [11]. 

Thanks to the following pioneering works 
beside those mentioned above, it is now well 
established that some proteolytic enzymes are 
secreted into the perivitelline space from the 
embryonic body at the time of hatching in such 
many animal groups as insects [12, 13], cepha- 
lopods [14, 15], ascidians [16, 17], selachian fish 
[18-20], teleosts [21, 23], amphibians [22, 23], and 
mammals [24]. 

In the present article, however, some recent 
studies on the hatching enzymes only of sea urchins, 
teleosts and amphibians will be reviewed, as these 
are the animal groups with which the hatching 
enzyme studies have been best carried out. 


ULTRASTRUCTURE OF HATCHING 
GLAND CELLS (HGCs) 


As one of the earliest investigations on the 
ultrastructure of HGCs, Yamamoto [25] made an 
electron microscopical study on the differentiating 
HGCs in the teleost, Oryzias latipes. The first 
sign of differentiation of the gland cells is the 
increase in the electron density of the nuclear 
material as well as the appearance of rough 
surfaced endoplasmic reticulum (ER) in _ the 
cytoplasm of endodermal cells. 
granules appear gradually near Golgi area, as the 
gland cells become more differentiated. The 
well differentiated gland cell is full of zymogen 
granules which are of low electron density with 
some peripheral portions of high electron density. 


The zymogen 
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Such a general morphological feature of fully 
differentiated HGC was also observed by light 
microscopy (Fig. 1). Recently, similar obser- 
vations were reported in some other teleost 
species [26, 27]. 

Ultrastructural changes of the medaka HGC 
in the course of secretion were studied by means 
of transmission and scanning electron microscopy 
[28]. Such a structural change at the moment of 
secretion of the hatching gland was revealed 
following the novel method of electrical stimulation 
for induction of the secretion. The hatching 


glands lining the buccal and pharyngeal cavity 
are covered by a layer of epithelial cells with a 
Every three 


hexagonal contour of its surface. 


OME, 


Fic. 1. 


epithelial cells are found to meet at a joint on the 
apical center of each gland cell. The first conspi- 
cuous change after the electric stimulation was 
applied at the prehatching stage is a swelling of 
each gland cell. The joint of every three epithelial 
cells is opened, as if these three cells made a 
hole among them, and a part of the apical surface 
of the underlying gland cell is exposed through a 
window among these epithelial cells. 

Inside of each HGC, the granules soon begin 
to coalesce with each other, forming gradually a 
large round secretory mass, which is less electron 
dense than the original granules. The membrane 
at the apex of the gland cell, forming an orifice 
through which the secretory material flows out 


, 


HGC and the secretory granules of Oryzias latipes. 


HGCs illustrated by the present author through light microscopy in 1944 [70]. 


A 
B. The first electron micrograph of medaka HGCs taken in 1963 [25]. 
C. Electron micrographs of the secretory granule isolated in 1982 [45]. 


situ. 


Cb, Secretory granules isolated through Percoll density gradient centrifugation. 


Ca, Intact secretory granules in 
Insertions 


are higher magnifications of a part of each granule, showing the crystalline structure of the contents. 
Electron density of the granules is higher than that in B, as the granules were isolated earlier than 


the normal hatching time (see text). 
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into the buccal cavity, as is described in exocytosis 
of the pancreatic secretion [29]. 

In contrast with the secretion in the electrically 
induced precocious hatching, each zymogen 
granule appears to be swollen within the cell 
under normal conditions of hatching and, without 
coalescing with each other, changes into an electron 
lucent granule with some electron dense parts, 
and the secretory material is discharged into the 
buccal cavity from the apex of the cell, together 
with cytoplasm. However, the fusion of some 
zymogen granules was reported in natural secretion 
by the hatching glands of salmonid fish [30]. 

Ultrastructure of amphibian HGCs has been 
also described [31, 32]. Different from the fish 
HGCs, HGCs (or frontal gland cells) of embryos of 
Xenopus laevis as well as Rana chensinensis are not 
covered by a layer of epithelial cells but are 
exposed to the outside with an apical surface 
bearing a number of microvilli. Just before the 
time of secretion, the gland cell, especially its 
apical part, is occupied by a number of secretory 
granules. Secretion of the contents of zymogen 
granules from the apical free membrane of the 
cell seems to last for a longer period of time than 
in the case of teleostean HGC secretion. 

The development of HGCs of Rana japonica 
embryos was observed with the scanning electron 
microscope. The first sign of HGC differentiation 
is the appearance of microvilli on the free surface 
of epidermal cells packed together in a special 
region at the neural fold stage [33]. The ultra- 
structure of the differentiation of the hatching 
gland in the Japanese urodele, Hynobius naevius 
was also described in detail [34]. 


COMPARATIVE STUDIES ON 
BIOCHEMICAL CHARACTERIZATION 
OF ENZYMES 


Biochemical studies on the hatching enzyme of 
the purple sea urchin, Strongylocentrotus purpuratus 
was carried out by Barrett and Edwards in 1976 
[35]. The enzyme protein was purified and the 
molecular weight was estimated to be about 
30,000 on Sephadex G-100 column chroma- 
tography and 28,500 by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) using dansylated 


proteins as standards. As for the metal re- 
quirement, the purified enzyme had a_ broad 
optimal range of Ca** concentration (10-25 mM) 
for casein digestion but a sharp optimum near 
10mM _ for fertilization envelope digestion. 
Divalent cation chelators such as EDTA and 
EGTA inhibited the enzyme action reversibly. 
The enzyme was inhibited neither by thiol reagents, 
nor by the reagents specific for serine residue, 
such as diisopropyl phosphofluoridate (DFP), 
phenylmethyl sulfonyl fluoride (PMSF), toluene- 
sulfonyl lysine chloromethylketone (TSLK) and 
soybean trypsin inhibitor protein (STIP). Thus 
the enzyme does not seem to be a trypsin-like 
protease. 

Purified hatching enzyme of Strongylocentrotus 
intermedius was also. partially characterized 
by Hoshi and his associates [36]. In this case, 
purification of the enzyme was made successively 
by (a) gel filtration on Sephadex G-100, 
(b) hydrophobic chromatography on 4-phenylbu- 
tylamine-Sepharose, (c) ion-exchange chroma- 
tography on DEAE-cellulose, (d) gel filtration 
on Sephadex G-200 and (e) gel filtration on 
Sephadex G-100. In the course of purification 
from the crude hatching supernatant, the true 
hatching enzyme attacking the egg envelope 
was separated from _ 4-1, 3-glucanase [37], 
any proteinase responsible for hydrolysis of 
dimethylated casein, and from some factors 
probably acting on the digestion of the egg 
envelope. The preparation obtained after the 
final purification step displayed a single protein 
band on PAGE, revealing its homogeneity. 
Hatching enzyme activity of this protein band 
was unable to be demonstrated, because of failure 
to elute the protein from the gel. However, 
from their observation that the molecular weight 
(44,000) of the hatching enzyme determined on 
SDS-urea PAGE was practically the same as 
that (45,000) determined by Sephadex G-—200 and 
G-100 column chromatography, it was suggested 
that hatching enzyme is located on the above 
described protein band on polyacrylamide gel. 

The activity of the hatching liquid of S. 
intermedius embryos on the dissolution of egg 
inhibited by some microbial 
inhibitors such as chymostatin, 


envelope is 
chymotrypsin 
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tosylphenylalanine chloromethylketone (TPCK). 
p-Nitrophenyl p’-guanidinobenzoate (NPGB), 
supposedly a competitive inhibitor of chymo- 
trypsin, also inhibits the hatching enzyme activity. 
Furthermore, the hatching liquid shows an 
esterolytic activity toward N-acetyl-L-tyrosine 
ethyl ester (ATEE), a synthetic substrate for 
chymotrypsin, but not toward N-a-tosyl-L- 
arginine methyl ester (TAME), a trypsin substrate. 
These results suggest that the S. intermedius 
hatching liquid contains a chymotrypsin-like 
protease [38]. However, the isolated hatching 
enzyme attacking the fertilization envelope is not 
affected by chymotrypsin inhibitors [36]. 

According to Nakatsuka [39], the hatching 
enzyme of Hemicentrotus pulcherrimus is supposed 
to be a kind of metalloprotease. This author 
also postulates that the hatching enzyme extracted 
from the prehatching embryos is different from 
that obtained from the hatching supernatant, 
with respect to its sensitivity to an endogenous 
inhibitor. Furthermore, the hatching enzyme 
is considered to be secreted directly from the 
particulate fraction of the cytoplasm into the 
perivitelline space. After hatching, the amount 
of increase in the hatching enzyme activity in 
culture supernatant was 3.5 times the amount of 
decrease in the enzyme activity in the embryos, 
this fact suggesting that the enzyme was activated 
during its secretion [40]. 

The hatching enzyme of fish was named 
“chorionase’, and its purification and charac- 
terization were carried out in Fundulus heteroclitus 
[41]. Although its purification was not so 
complete, the molecular weight of the enzyme was 
in the range of 15,000 to 40,000 as estimated 
after gel filtration and density gradient centri- 
fugation analyses. The enzyme attacked peptide 
bonds between tyrosine and threonine, and 
between threonine and proline of insulin B chain. 
Its activity was inhibited by DFP and it was 
suggested that the enzyme is similar to a kind of 
trypsin-like protease in which serine plays a role 
in the active center. 

Further, the purification and characterization 
of the Fundulus chorionase was also performed 
by gel filtration, ion exchange chromatography 
and isoelectric focusing [42]. Digestion of chorion 


with the chorionase in the presence of **C-iodo- 
acetamide which would label the soluble products 
revealed that the enzymatic solubilization of 
chorion is accompanied by production of water 
soluble peptide fragments. The Fundulus 
chorionase was inhibited by PMSF. Brachydanio 
rerio chorionase was also inhibited by DFP [43]. 
Thus, the hatching enzymes of these two teleost 
species are similarly serine proteases. 

On the other hand, the purified enzyme from 
the hatching supernatant of Oryzias latipes was 
obtained through Sephadex and CM-cellulose 
chromatography. According to Yamagami and 
his coworkers [44], this sample was almost 
homogeneous on starch gel electrophoresis and 
active in choriolysis. Although the molecular 
weight was supposed, at first, to be about 8,000 
on Sephadex column chromatography, reexam- 
ination of the enzyme purified from the isolated 
secretory granules of HGC as well as from hatching 
liquid revealed that the molecular weight was 
about 21,000 on SDS-PAGE [45]. This enzyme 
could cleave the synthesized peptides at the 
peptide bonds consisting of carboxyl group of 
leucine, methionine, glycine and arginine, showing 
apparently not such a high specificity as trypsin. 
Moreover, different from trypsin, this enzyme 
was not inhibited by DFP. On choriolysis, some 
glycoproteins were solubilized from the chorion 
by this enzyme [46, 47]. 

Recently, the hatching enzyme of the pike, 
Esox lucius, was purified from the hatching medium 
through Sephadex chromatography and Z-D-Phe- 
T-Sepharose affinity chromatography [48]. The 
molecular weight of this enzyme was found to 
be about 10,000-15,000 on Sephadex chromato- 
graphy, but about 24,000 and 25,400 upon SDS- 
PAGE and sedimentation analysis, respectively. 
The activity was not affected by DFP, PMSF, 
iodoacetic acid and N-ethylmaleimide (NEM). 
Some other inhibitors specific for trypsin and 
chymotrypsin were also ineffective. However, 
dithioerythreitol (DTE) and some metal chelators 
such as EDTA, EGTA, o-Phenanthroline etc, 
were found to be powerful inhibitors. Reacti- 
vation experiment of the enzyme inactivated 
by these chelators revealed that this enzyme is 
a zinc-protease. Immunohistochemical studies 
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using FITC-anti hatching enzyme protein antibody 
as a probe showed that the hatching enzyme 
can be detected in the HGC of the embryos at 
the 10-somite stage on [49]. 

The presence of chorion-swelling principle was 
suggested in the hatching supernatant of Oryzias 
latipes [50, 51]. However, the swelling factor is 
supposed to be one of the enzymes concerning 
the dissolution of the medaka chorion [52]. 

In the rainbow trout, Salmo gairdneri, the 
hatching enzyme had molecular weight of about 
10,000 in the preparation obtained by the same 
method as employed in the medaka. The enzyme 
activity was not inhibited by PMSF [53]. The 
chorionase of the marine teleost, Gobius jozo 
was not inhibited by STIP [54]. 

Thus, two types of chorionases are recognized 
in fish: one resembles trypsin and the other does 
not. However, all chorionases reported above 
are inhibited by EDTA and EGTA. In this 
connection, it is to be noted that cocoonase of 
the moth is similar to trypsin [55, 56]. The 
presence of active hatching enzyme in the secretory 
granules of prehatching medaka embryos was 
found [45, 57], different from the sea urchin enzyme 
which is activated at the time of hatching [40]. 

The amphibian hatching enzyme was purified 
through Sephadex gel filtration and DEAE-cellu- 
lose chromatography, being obtained as protein of 
55,000—-60,000 molecular weight [58]. Its enzyme 
activity was not inhibited by Na* and K* nor by 
trypsin inhibitors, but was strongly inhibited by 
Ca**, Mg’*, EDTA and DFP. These results 
indicate that the amphibian enzyme is not a 
trypsin-like enzyme, though there is a similarity 
between them in some respects. Hence, generally 
speaking, the amphibian hatching enzyme 
resembles that of Oryzias and Salmo, but is different 
from that of Fundulus. 


GENE EXPRESSION RESPONSIBLE FOR 
HATCHING ENZYME SYNTHESIS 


Synthesis of the sea urchin hatching enzyme is 
supposed to occur shortly before its secretion 
into the perivitelline space. However, the time 
of synthesis of the mRNA coding for the enzyme 
has been a subject of debate. Some investigators 


have inferred that the hatching enzyme synthesis is 
achieved through the stage-specific unmasking of 
masked maternal MRNA molecules stored in 
unfertilized eggs, while others have considered, 
based on the enucleation experiment, that the 
mRNA of the enzyme is transcribed from the 
embryonic genome and translated before hatching. 

The hatching enzyme of the giant red urchin, 
Strongylocentrotus franciscanus is inhibited by 
MnCl, (0.75 mM), but that of S. purpuratus is not. 
Hybrids of both species produced the hatching 
enzyme possessing only the female type chara- 
cteristics concerning the MnCl, inhibition. Thus, 
it was concluded that the enzyme is synthesized 
by translation of the maternal mRNA, independent 
of paternal genes [59]. 

On the contrary, it was reported that the 
hatching enzyme protein of Hemicentrotus 
pulcherrimus was synthesized in vitro using the 
embryonic chromatin as the template at about 
three hours before hatching, while the chromatins 
of unfertilized eggs and of younger embryos 
failed to be templates of the hatching enzyme [60]. 

To determine whether the hatching enzyme 
mRNA is maternal and translated before hatch- 
ing, or it is newly transcribed from embry- 
onic chromatin during development, a_ skillful 
construction of hybrid andromerogones was 
carried out, which contained the sea urchin, S. 
purpuratus genome in the sand dollar, Dendraster 
excentricus cytoplasm [61]. Hatching enzymes 
of both these echinoids have the species specificity, 
i.e., the hatching enzyme of each species can 
dissolve the fertilization envelope only of the 
respective species. Such hybrid andromerogones 
developed to the normal blastula but failed to 
hatch, indicating the lack of maternal mRNA 
coding for the hatching enzyme capable of 
dissolving the dollar egg envelope. 
Merogones containing at least one complement 
of sand dollar genome hatched normally. There- 
fore, the results seem to show that new mRNA 
synthesis from chromatin is required before 
hatching enzyme can be synthesized. 

The polyribosomes of the D. excentricus x 
S. purpuratus hybrid contained equal repre- 
sentation of unique transcripts from both parents, 
yet failed to produce most identifiable paternal 


sand 
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proteins [62]. Accordingly, the failure to produce 
paternal proteins in this hybrid lays not at the 
transcriptional but at the translational level [61]. 
Thus, the failure to synthesize the paternal 
hatching enzyme in the S. franciscanusxS. 
purpuratus hybrid might also be attributed to 
failure to translate the newly synthesized mRNA 
rather than to a failure to produce it by new 
transcription. 

Meanwhile, as described above, the first sign 
of teleostean HGC differentiation is characterized 
by appearance of rough ER in the cell, which 
occurs in the medaka embryos with about 10 to 
12 somites (Stage <24, after Matui [63]). In 
the 15 somite embryos, several hours after the 
stage described above, secretory granules begin to 
be formed in the HGC [25]. Immunohistochemi- 
cal analysis revealed that also in pike embryos 
the hatching enzyme can be detected from the 
10 somite stage on [49]. It is inferred, therefore, 
that the hatching enzyme synthesis in fish begins 
to occur at the 10-12 somite stage embryos and 
continues thereafter until a day before the hatching 
day, when some immature secretory granules are 
still found near Golgi area [28, 64]. 

The HGCs were shown to be derived from the 
neural crest cells in urodels and anurans by 
transplantation experiments [65, 66]. On _ the 
other hand, Yoshizaki and Katagiri [32] showed 
that synthesis and _ secretion of amphibian 
hatching enzyme proceed normally in the cultured 
epidermal explants [32]. By these methods, it 
has been reported recently that frog HGCs 
originate from the superficial epidermal cells, 
although the possibility cannot be excluded that 
the underlying neural crest cells are also involved 
in HGC differentiation in the intact embryo 
[67, 68]. When explants from presumptive HGC 
area were treated continuously with actinomycin 
D, the formation of secretory granules in these 
cells was inhibited [69]. Therefore, the hatching 
enzyme synthesis is considered to be controlled 
by the embryonic genome. 


HYPOXIA AS THE TRIGGER OF 
HATCHING ENZYME RELEASE 


As the present author reported some forty 


years ago [70], beginning of the opercular move- 
ments of the developing Oryzias embryos is 
apparently associated with the breakdown of 
HGCs located in the epithelium of the buccal 
and pharyngeal cavity. In this connection, the 
phenomenon that the hatching of the prehatching 
stage Oryzias embryos is accelerated when the 
mechanical shaking in their culture was stopped 
[71] is presumably due to hypoxia. Hatching of 
Fundulus embryos was delayed indefinitely by 
maintaining a high oxygen tension in sea water 
in which the eggs were kept [72]. Moreover, 
Fundulus embryos stranding in air and being 
partially dehydrated but receiving a fully adequate 
oxygen supply showed a marked retardation of 
hatching [73, 74]. From the same point of view, 
the retardation of maturation- and secretion- 
associated ultrastructural changes of the hatching 
gland was observed in Oryzias embryos incubated 
in air, 50% embryos remaining unhatched until 
12th day, in comparison with 100% of normal 
hatching on 6th (or 7th) day. On the 12th day 
all the air-incubated embryos hatched instan- 
taneously on being immersed in water [64]. 

On the other hand, the relation between the 
activity of the hindbrain and the incidence of 
hatching through the respiratory movements 
was shown in Fundulus embryos [75]. Under 
suitable hypoxia, epinephrine (10° M) as a 
sympathomimetic drug and MS-222 (10° M, 
working at this concentration as a stimulant) as 
a general anaesthetic, accelerate hatching signifi- 
cantly, and tubocurarine (curare) as a para- 
sympathetic blocker inhibited hatching through 
the nervous system. These results will suggest 
that the respiratory movement (opercular move- 
ment) is regulated by the respiratory center. 

Recently, the relationship between oxygen 
consumption rate and hatching was shown clearly 
in Fundulus [76]. During embryonic development 
until hatching, the rate of increase in the oxygen 
consumption was the same among the following 
three experimental groups: (1) embryos incubated 
in air and adequate humidity, (2) those in water 
with strong shaking, and (3) those in water with 
weak shaking. The former two groups did not 
hatch until 13th day after fertilization, and their 
oxygen uptake continued to increase at the same 
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rate. On the other hand, the rate of oxygen 
uptake of the last group became decreased at 
around 10th day and remained at a constant 
level thereafter. Then hatching did occur only 
in the last group. Thus the hatching occurred 
at the time when respiratory stress or hypoxia 
happened due to an insufficient oxygen supply 
to the whole body of embryos during development. 
Since the localization of HGCs in both Fundulus 
[77] and Oryzias [70] is similar, the hatching- 
inducing mechanism or respiratory stress is 
supposed to be correlated with respiratory move- 
ment, especially with opercular movement. 

On the other hand, it was inferred that the 
hatching of the rainbow trout is also linked to a 
respiratory stress response [78, 79]. Hatching 
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Fic. 2. Distribution of HGCs in various teleost species. 
B: Oncorhynchus keta, O. rhodurus, Salmo gairdneri and Salve- 
linus fontinalis, a. side view, b. centro-longitudinal view. 
D: Carassius auratus (wild type and goldfish) and Cyprinus carpio. 
F: Istiblennius enosimae, Gnathopogon elongatus elongatus, and 
G: Hypomesus olidus. H: 
section. 

p. pectoral fin [23]. 


and Enedrias nebulosus. 


Pseudorasbora parva. 
E: Salanx microdon. 
Trichogaster trichopterus. 
Oryzias latipes, centro-longitudinal 
notochord, 0. otic vesicle, 


was advanced by subjecting the embryos to anoxia 
or hypoxia by bubbling hydrogen [78] or nitrogen 
[79] through the hatching water. In this species, 
the respiratory movements may not play a sine 
qua non role for chorionase release, because 
HGCs are located on the head and flanks in 
addition to the buccal epithelium of the embryo. 
Therefore, it is very interesting that the same 
stimulus as anoxia or hypoxia did initiate hatching 
in other species than Oryzias and Fundulus, in 
spite of the different distribution of the gland 
cells (Fig. 2). 

Independent of the above described line of 
studies, exciting experiments were performed, 
revealing that the electrical stimulation causes 
precocious hatching in trout and medaka embryos 


A: Zacco temmincki, Z. platypus 


C: Tribolodon hakonensis and 


Misgurnus anguillicaudatus. 1: 


e. eye, h. HGC, n. nasal pit, no. 
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[28, 80]. This stimulus may induce some 
contraction in the muscular system around the 
hatching gland area. In this connection, it has 
to be mentioned that the hatching glands located 
in the epidermis around the eyes of the cyprinoid 
fish, Gnathopogon elongatus are stimulated to 
secrete by the ocular movements which begin 
to occur just before hatching, and hatching does 
occur thereafter [81]. Thus, the muscular move- 
ment around the eyes seems to induce the hatching. 
The distribution of HGCs differs markedly among 
species of fish, as shown in Figure 2. 

In the study on two ecospecies of Fundulus 
which possess kinetically different lactate dehydro- 
genase B (LDH-B) allelic isozymes, DiMichele 
and Powers [84] showed that the hatching time is 
closely correlated with the LDH-B genotypes 
in these fish; LDH—B*B’* individuals hatch 
earlier than LDH-—B°B’ individuals. On _ the 
other hand, ATP concentration in the erythrocytes 
was also found to be higher in LDH-—B*B’ fish 
than in LDH-B’B’ fish [83]. It was assumed, at 
first, that the genetical difference in the intra- 
erythrocyte concentration of ATP, which is 
known to be an allosteric effector to hemoglobins 
in fish, may cause different oxygen supply to 
tissues in those two groups of fish, resulting in 
difference in the respiration-mediated hatching 
time. However, this was not the case. Com- 
parison of the oxygen consumption rates of 
LDH-B’B* and LDH-B’B” eggs of Fundulus 
through development showed that the earlier 
hatching time was supposedly due to the faster 
developmental rate of the LDH-—B’B’. If this 
phenomenon is related to the hatching mechanism, 
there may be a difference between these two 
genotypes in the developmental rate of central 
nervous system [84], from the point of view of the 
relationship between the nervous system and 
opercular movements as was reported before [75]. 

The respiratory stress mechanism in hatching 
is very important for some kinds of fish ecolo- 
gically. The eggs of F. heteroclitus are laid near 
the sand above the mean high tide. Under these 
conditions, the eggs are incubated in air for most 
of their developmental period. Hatching occurs 
when eggs are immersed in water at the next 
high spring tide. As water covers the eggs, there is 


a drop in environmental oxygen at the egg surface 
which is the hatching cue for the embryos [76]. 
The same is true of the famous grunion, Leuresthes 
tenius, a smeltlike food fish found off the southern 
California coast [85]. 

It is surprising that the respiratory stress theory 
is available even in some amphibians. For 
example, the marbled salamander, Ambystoma 
opacum deposits eggs in terrestrial nests along 
the reduced pools. The embryos develop to a 
stage capable of hatching and remain within the 
egg capsule for months until the nest is flowed 
by rain water. They hatch typically within 
minutes to hours after they are covered by water. 
The physiological trigger for hatching is hypoxia 
as was shown by many experiments using oil 
medium, gas treatment or pH changes [86]. 

Apart from the works [70, 75, 77, 86] pointing 
out that the embryonic respiration seems to be 
more or less related to the initiation of hatching 
process, some hormones such as prolactin [87] 
and deoxycorticosterone [88] have been reported 
to stimulate the hatching enzyme secretion. 
Taking account of the fact that the pituitary 
prolactin cells of teleostean embryos become 
active just before hatching [89-91], prolactin 
may be a probable candidate for the natural 
initiation of hatching enzyme secretion. 


FUTURE PROBLEMS 


Summarizing the information available from 
the past up to the present in the field of “hatching 
enzyme biology’, there arise several fascinating 
problems to be explored in the future: 

1) In the sea urchin, embryos usually begin 
to escape from the fertilization envelope between 
the ninth and tenth cell division. What determines 
this ‘developmental clock”’ to initiate the de novo 
synthesis of hatching enzyme? Could it be 
possible to relate this problem to the activation 
mechanism of the hatching enzyme genes? 

2) Ultrastructural examinations of sea urchin 
embryos during the synthesis and secretion of 
hatching enzyme will provide us with the model 
system of developmental aspects of protein 
synthesis. 

3) How hypoxia induces the secretion of hatch- 
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ing enzymes in teleosts and amphibians? The 
mechanism of action of hypoxia as a trigger of 
hatching enzyme secretion should be worked out. 
4) It is of physiological significance to eluci- 
date the molecular events of the action of purified 
proteolytic enzymes on the chorion or egg enve- 
lope. To achieve this, the molecular structure of 
the chorion itself must be made clear. 

5) It is advised to investigate the process of 
denuding mammalian blastocysts from the zona 
pellucida at the time of implantation in uterus 
from the standpoint of the hatching enzyme 
mechanism. 

In concluding this review, the author expects 
any young biochemistry- and cell biology-minded 
biologists to pick up the fruitful survey in the 
field of hatching enzyme biology which has been 
brought up in Japan. 
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REVIEW 


Cellular and Molecular Bases of the Larval-Adult 
Shift of Hemoglobins in Fish 


IcHIRO IUCHI 


Life Science Institute, Sophia University, Kioicho, Chiyoda-ku, Tokyo 102, Japan 


INTRODUCTION 


Hemoglobin in various animals is an excellent 
probe for studying molecular mechanisms of gene 
activity. Many characteristics are well-known 
about the primary structure of globins, the globin 
gene structure [1, 2], and the chromatin structure 
of globin genomes [3]. As regards hemoglobin 
ontogeny (hemoglobin switching), globin genes 
in a- or f-like globin genomes are sequentially 
and tandemly localized from 5’ to 3’ terminals in 
order of ontogenetic appearance of different 
globins. At the level of chromatin structure, 
some studies showed the preferential sensitivity of 
globin genes to some nucleases. For example, in 
embryonic erythroid cells of chick, both adult and 
embryonic §-globin genes are very sensitive to 
DNase I. In adult cells, the embryonic 6- 
globin gene becomes relatively more resistant, 
while the adult gene remains highly sensitive. 
Based on these facts, it is suggested that the 
switching of globin gene expression from embry- 
onic to adult is closely related with changes in 
chromatin structures with respect to their acces- 
sibility to DNase I [3]. There are now two 
questions; (1) how is the expression of a-like 
globins correlated with that of §-like ones? and 
(2) at which levels, the gene level or the chromatin 
level, is the expression of embryonic globins 
switched to that of adult globins? 

Since elegant experiments of Till and McCulloch 
[4], various studies have been made of erythroid 
stem cells. Recently, erythroid stem cells were 
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able to be cultured in vitro [5-7]. In addition, 
blastoderms of chick embryos were used for in 
vitro Studies on erythroid cell differentiation [8, 9]. 
Papayannopoulou and Stamatoyannopoulos [10] 
suggested that the capability of Hb F expression 
in adult hemopoietic cells is determined at the level 
of less-differentiated erythroid stem cells, burst- 
forming unit (BFU). Now we may have a 
question how the production of erythroid cells 
synthesizing embryonic globins is transferred to 
that of cells synthesizing adult ones. 

In spite of the recent development, we have still 
a scarcity of findings on molecular and cellular 
mechanisms of hemoglobin switching. In addi- 
tion, the findings have been made only in higher 
vertebrates such as mammals and birds, and there 
are still some difficulties in elucidation of general 
aspect on hemoglobin switching phenomena, 
mainly due to species-specific variations. There- 
fore, it may be of some use to establish the phylo- 
genic feature on this subject by comparing various 
classes of vertebrates. We describe cellular and 
molecular bases on hemoglobin switching phe- 
nomena correlated with erythrocyte replacement in 
rainbow trout, one of lower vertebrates. In this 
review, we discuss and emphasize that the rainbow 
trout is one of good systems as compared with 
other animals. 


HEMOGLOBIN SWITCHING 


Like other vertebrate hemoglobins, fish hemo- 
globins have also been extensively studied with 
respect to physiological and biochemical prop- 
erties such as oxygen affinity, alkali-stability, 
electrophoretic behaviors, globin subunit composi- 
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tion and the primary structure of globins [11-13, 
21, 22]. Characteristic properties of fish hemo- 
globins are (1) that they are highly polymorphic, 
and (2) that they have a pronounced Bohr effect, 
pH-dependence of oxygen affinity and a Root 
effect, lower oxygen capacity at lower pH. The 
occurrence of larval hemoglobins was first sug- 
gested by some comparative studies on alkali- 
stability of hemoglobins in some fishes such as 
teleost [14] and elasmobranchs [15]. 

We demonstrated the existence of larval hemo- 
globins in rainbow trout (Salmo gairdneri irideus) 
by comparing hemoglobins of just-hatched larvae 
with those of adult (2-year-old) fish [16, 17]. 
Although both were considered to be tetrameric 
and to contain protoporphyrin IX because of no 
significant differences in absorption spectrum and 
molecular size like other vertebrate hemoglobins, 
larval hemoglobins were more alkali-labile than 
adult ones. Electrophoretic studies elucidated 
the marked difference of the patterns between 
larval and adult hemoglobins (Fig. 1). Larval 
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Fic. 1. Starch gel electrophoretic patterns of rainbow 
trout hemoglobins. 1, Just-hatched larva; 2, 
25-day-old larva; 3, 2-year-old fish (From Iuchi 
and Yamagami, [1969]). 


hemoglobins had 9 components migrating only 
toward the anode, while two-year-old fish hemo- 
globins had 3 components migrating toward the 
cathode and 9-11 components toward the anode. 
This highly polymorphic pattern of adult hemo- 
globins was also observed by Yamanaka et al. 
BEST aig cies 

Ronald and Tsuyuki [19], and Tsuyuki and 
Ronald [20] demonstrated that adult hemoglobins 
of Salmo gairdneri were composed of up to 4 
different polypeptide chains (globins). They also 
determined the subunit compositions of major 
adult hemoglobin components. The facts showed 


that the polymorphism of adult hemoglobins of S. 
gairdneri is based on multiple species of globin 
polypeptides and on their complicated composi- 
tions. We confirmed this by the starch gel 
electrophoresis of S. gairdneri irideus hemoglobins 
in the presence of 8 M urea at pH 2.8 and 3.3 [17]. 
In addition, we suggested that larval hemoglobins 
have 4 to 5 different globins which are not common 
to adult ones. Recently, the amino acid sequences 
of a- and §-chain of one hemoglobin component 
in adult Salmo irideus were determined and 
compared with those of other fishes and animals 
[21, 22]. Asa future subject, the primary structure 
of globin chains of larval hemoglobins should be 
determined and compared with those of adult ones. 

During the development of rainbow trout 
embryos, hemoglobins appreared first in the 
circulating blood of 9-day embryos (at 15°C) as 
will be described later. Hemoglobins of 15-day 
embryos (5 days before hatch) had the same 
electrophoretic pattern with larval hemoglobins 
prepared from the just-hatched larvae. The facts 
show that larval hemoglobins occur also during 
the embryonic life of rainbow trout. Thus, 
larval hemoglobins in rainbow trout may be 
regarded as embryonic hemoglobins in some other 
animals than fish, such as mammals and birds. 
Larval hemoglobins decrease in amount succes- 
sively for the short period of post-hatching 
development. 

Electrophoretic patterns showed that hemo- 
globins of 25-day larvae after hatch are composed 
of 6 components in common with 2-year-old fish 
hemoglobins (Fig. 1). This type of hemoglobins 
of rainbow trout corresponds to young or ‘“‘juve- 
nile” hemoglobins reported on other teleosts [25]. 
It is reasonable to consider that “juvenile”? hemo- 
globins belong to adult type of hemoglobins from 
the fact of their having some common components 
to adult hemoglobins as well as from the onto- 
genetic basis of changes in types of erythrocytes as 
mentioned later. In salmonid fishes, some studies 
reported age- and size-dependent [18, 24] and 
salinity-dependent [26] changes of hemoglobin 
patterns. It is probable that these changes in 
hemoglobin multiplicity arise in the group of 
adult type of hemoglobins. 

As compared with hemoglobins of 2-year-old 
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rainbow trout, larval hemoglobins are character- 
ized by higher oxygen affinity at neutral pH, less 
Bohr effect (Fig. 2), no pH-dependence of heme- 
heme interaction and higher oxygen capacity [17]. 
Embryos or just-hatched larvae, whose respiratory 
and circulatory systems are still immature, settle 
and live in an environment of relatively low oxygen 
pressure and uptake oxygen passively to some 
extent. Hence, the high oxygen affinity and 
capacity of larval hemoglobins are considered to 
be advantageous for embryonic or larval life. 
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pH 
Fic. 2. pH dependence in oxygen affinities (log Pso) 
of larval (Hb L) and adult (Hb A) hemoglobins. 
P;, was defined as the partial oxygen pressure 
where 50% of hemoglobins are oxygenated (From 
Iuchi, [1973]). 
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Figure 2 shows that 2-year-old fish hemoglobins 
lose oxygen affinity at pH’s below 7.6 (Bohr 
effect). The sharp decrease of oxygen affinity 
like this may be due to one hemoglobin component 
migrating most cathodally on starch gel electro- 
phoresis as shown in Figure 1 (cf. the data of 
Binotti et al. [23]). Considering that HCO; and 
lactate” ions produced as a result of vigorous body 
movement lower the pH of muscular tissues, it is 
also conceivable that the oxygen-releasing prop- 
erties of adult hemoglobins at lower pH’s are 
favourable for adult life. This may be a typical 
example of adaptations based on the respiratory 


requirement of animals. 

Following the studies of rainbow trout hemo- 
globins, we observed that the appearance of larval 
hemoglobins occurred also in other salmonid fishes 
(brook trout, BXB, and 
honmasu, Oncorhynchus rhodurus, HXH) and 
their reciprocal hybrids (HXB and BXH) [27]. 
The electrophoretic patterns of larval hemoglobins 
in these salmonid fishes were similar to each other 
and to those in rainbow trout. They were also 
distinct from their adult type of hemoglobins. 
The electrophoretic pattern of larval hemoglobins 
in a hybrid, BXH, resembled that of the maternal 
parent, BXB, while larval hemoglobins of its 
reciprocal hybrid, HXB, differ from those of its 
maternal parent, HXH, which showed a diffusible 
pattern. Photometric experiment verified that 
almost all of the larval hemoglobins of HXB are 
abnormal, i.e., methemoglobins. At later stages, 
both hybrid fishes had both parental components 
of adult type of hemoglobins, which never showed 
a sign of abnormal hemoglobins. The findings 
show that the parental genetic effect on hemo- 
globin formation differs in embryonic or adult 
life of HXB and BXH. This phenomenon 
closely resembles the differential effect of some 
isozyme genomes in intergeneric hybrids of some 
fishes [28]. 

Immunochemical studies on larval and adult 
hemoglobins of rainbow trout were recently 
reported [29]. Rabbit antisera against adult 
hemoglobins of rainbow trout were more strongly 
cross-reactive with adult hemoglobins of Salvelinus 
fontinalis, Salmo trutta, and Oncorhynchus nerka 
var. adonis than with larval hemoglobins of rain- 
bow trout. Based on these facts, it was suggested 
that adult type of hemoglobins of rainbow trout 
evolutionarily resemble those of other salmonid 
fishes rather than larval type of hemoglobins of the 
same species. To establish this conclusion directly 
[30], the primary structures of larval and adult 
globins should be compared in these salmonid 
fishes. 

From the facts reviewed above, we propose the 
abbreviated names of Hb L for hemoglobins 
arising in the embryonic life and Hb A for adult 
type (including ‘‘juvenile” type, Hb Aj) of hemo- 
globins in fishes, respectively. It is obvious that 


Salvelinus fontinalis, 
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the transition of hemoglobins from larval to adult 
type (Hb L-A shift) occurs for the short period of 
post-hatching development of fishes. Although 
electrophoretic observations were described on 
larval hemoglobins in some fishes [31, 32], it is 
still unknown whether they correspond to embry- 
onic hemoglobins in mammals and birds. 


ERYTHROCYTE REPLACEMENT CORRE- 
LATED WITH HEMOGLOBIN SWITCHING 


In some mammals [33, 34] and birds [35-37], it 
has been well known that primitive erythrocytes of 
embryo differ from definitive ones of adult mainly 
in their morphological characters. During the 
transition of erythrocytes from primitive to 
definitive, types of hemoglobins also shift from 
embryonic or fetal to adult [62]. Cytochemical 
studies (Betke and Kleihauer, 1958; cited by [45]) 
suggested that both Hb F (fetal) and A co-exist in 
single erythrocytes during the transition of eryth- 
rocytes from primitive to definitive after birth of 
man. Recently, the co-existence of Hb F and A 
like this was directly demonstrated by immuno- 
chemical detections [39, 40]. Since these obser- 
vations, there arises a question on the correlation 
of the L~A shift of hemoglobins and erythrocyte 
replacement. Focusing on a typical example of 
amphibians, we try to discuss this question. 

Also in amphibians, it is well-known that types 
of hemoglobins are transferred from ‘“‘tadpole’’ to 
“frog’’ as metamorphosis progresses. Some 
cytochemical studies on Rana cateshbeiana sug- 
gested that both types of hemoglobins co-exist in 
single erythrocytes of metamorphosing tadpoles. 
Based on the facts, it was emphasized that the 
shift of hemoglobins from tadpole to frog arises 


in a single erythrocyte [41]. In fact, in Xenopus 


laevis [42], more than 25% of erythrocytes in a 


metamorphosing tadpole contain both types of 
hemoglobins, judging from the detection by the 
immunochemical technique. On the other hand, 
morphological studies showed that “tadpole” 
erythtocytes are replaced by “frog”? ones during 
the metamorphosis of R. pipiens [43]. By micro- 
electrophoresis of hemoglobins in individual 
cells, Rosenberg [44] directly demonstrated that 
erythrocyte in metamorphosing R. catesbeiana 
contains either tadpole or frog hemoglobins but 


not both. Quantitative immunochemical studies 
[45] estimated that none of erythrocytes in meta- 
morphosing tadpole contains both types of hemo- 
globins. Based on these observations, it was 
emphasized that both types of hemoglobins do 
not co-exist in a single erythrocyte during meta- 
morphosis, but the L-A shift of hemoglobins is a 
result of erythrocyte replacement, i.e., the eryth- 
rocytes having tadpole hemoglobins are superseded 
by those having frog hemoglobins. 

However, it was still obscure, in general, whether 
both larval and adult hemoglobins co-exist in a 
single erythrocyte, or the L—A shift of hemoglobins 
is a result of erythrocyte replacement. In lower 
vertebrate such as fish, although some character- 
istics of erythrocytes in adult were reported in 
cytological [61] and electron microscopic [46] 
studies, there was no observation on changes in 
erythrocyte types correlated with the hemoglobin 
shift from larval to adult type. We first reported 
that erythrocytes of just-hatched larvae of rainbow 
trout are distinct from those of adult (2-year-old) 
in various properties and the L—A shift of hemo- 
globins is a result of erythrocyte replacement [16, 
17, 47, 48]. 

At first we observed the morphology of eryth- 
rocytes prepared from just-hatched larvae (Fig. 3A) 
and from 2-year-old fish (Fig. 3C). The former 
is characterized by round disc-like shape (larval 
type erythrocytes, Ery L) and the latter, by elliptic 
disc-like shape (adult type erythrocytes, Ery A) 
[47, 48]. Ery Ls are also found in pre-hatching 
embryos after 9th day (at 20°C), while Ery As are 
found in post-hatching larvae to adult. There- 
fore, the replacement of Ery L to A obviously 
occurs for a short period of post-hatching devel- 
opment. A new type of erythrocytes character- 
ized by small elliptic disc-like shape appear in 
peripheral blood during this post-hatching transi- 
tion of Ery Lto A. To identify this new erythro- 
cyte, we plotted individual erythrocytes on the 
coordinate with the ordinate and absissa represent- 
ing the major and minor axes of cell, respectively. 
Ery Ls prepared from just-hatched larvae were 
exclusively distributed within an area L in Figure 
3D, while Ery As from 2-year-old fish were exclu- 
sively distributed within another area A. Erythro- 
cytes from 3-day-old larvae were found to consist 


Fic. 3. Erythrocytes of rainbow trout at various stages of development (A-C). 
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A, just-hatched larva; 


B, 9-day-old larva; C, 2-year-old fish. D represents diagramatical illustration of transition of the 
new type erythrocytes during the post-hatching development (See the text) (From Iuchi, [1973]). 


of two types of cells, one occupying the area L and 
the other occupying new area X. The area X is 
entirely separate from L. This new type of cell 
increased in size of major axis on 9th day after 
hatching, and the cell population density of area 
X seemed to shift continuously toward the area A, 
but not toward the area L, as indicated with an 
arrow in Figure 3D. Thus, the area covering both 
areas X and A converged finally to area A. Popu- 
lation change like this indicates that the new 
erythrocytes were not derived from Ery L, but 
newly appeared and grew into Ery A in the periph- 
eral blood. Therefore, the erythrocytes of this 
type were identified as immature type of adult 
erythrocytes and named Ery ImA. Develop- 
mental dynamics of erythrocyte population is 


shown in Figure 4, which is characterized by the 
rapid decrease of Ery L, the compensatory appear- 
ance of Ery ImA and a gradual decrease of Ery 
ImA with a concomitant increase of Ery A. The 
later phase of the change would suggest the growth 
of Ery ImA into A in the peripheral blood of post- 
hatching larvae. Changes in types of erythrocytes 
like this were confirmed by electron microscopic 
studies. 

Figure 5 shows developmental changes of 
ribosome population in erythrocytes of rainbow 
trout embryos and larvae [49]. With respect to 
Hb synthesis, it was suggested that changes of 
ribosomes in erythrocyte reflect the degree of its 
maturity [51]. Therefore, we estimated density of 
free ribosomes and that of ribosomes occurring in 
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Fic. 4. Developmental dynamics of erythrocyte replacement. 


L, ImA and A represent larval type 


erythrocyte (Ery L), the third type erythrocytes presumed to be an immature adult type erythrocyte 
(Ery ImA) and adult type erythrocytes (Ery A), respectively (From Tuchi, [17]). 


polysomes of erythrocyte during the development. 
Taking account of both results of Figures 4 and 5, 
it is obvious that there are two maturation series 
of erythroid cells in the blood circulation of 
developing rainbow trout. Ery L attains to its 
maturity while it circulates in developing embryos. 
A new population of erythrocytes appearing in 
peripheral blood after hatch consists of immature 
adult type of erythrocytes, which seems to synthe- 
size hemoglobins actively. Electron micrograph 
of this type of erythrocyte (ImA) is shown in 
Figure 6. Both Figures 1 and 4 obviously show 
that Ery L of just-hatched larvae, Ery A of 25-day 
larvae and Ery A of 2-year-old fish contain Hb L, 
Hb Aj and Hb A, respectively. 

Which type of erythrocytes contains Hb A 
during the post-hatching L—A transition of hemo- 
globins and erythrocytes? Using fluorescent 
(FITC-conjugated) antibody probe specific to Hb 
A, we showed that Ery Ls characterized by round- 
disc like shape were not stained with FITC-labeled 
antibodies, while Ery As characterized by elliptic- 
disc like morphology were strongly stained. In 
the early phase of the post-hatching shift of Hb 
L to A correlated with the replacement of Ery L 
to A, when no Ery A appeared yet, only Ery ImAs 
were stained with FITC, Ery Ls being never 


stained. This observation indicates that Hb A is 
expressed only in the newly appearing erythrocytes 
(ImA) and the L-A shift of hemoglobins is due to 
the replacement of cell types [50]. 

To study the differentiation of erythrocytes, 
it is of some use to know cell markers other than 
hemoglobins. As one of them, we studied the 
characteristic properties of erythrocyte membrane 
[48]. Ery Ls are strongly agglutinated with 
concanavallin A (Con A) which is known to react 
with glycosyl residues of the membrane receptors 
such as a-D-glucopyranoside or a-D-mannopyr- 
anoside [52]. Intact Ery As are not agglutinated 
with Con A, while Ery As pretreated with papain 
but not with trypsin are agglutinated with Con A. 
In addition, wheat germ agglutinin (WGA) which 
reacts strongly with N-acetylglucosaminoside resi- 
dues [53] agglutinates more strongly Ery A than L. 
These results suggest that the glycosyl groups on 
membrane surface of Ery L differ from those of 
Ery A. The differences of cell surface characters 
like this were also reported on primitive and 
definitive erythrocytes of man [55]. 

The chemical differences of cell surface glycosyl 
groups were reported by Nambu ef al. [54]. As 
compared with authentic bovine glycolipids on thin 
layer chromatography, membrane fractions of Ery 
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Fic. 5 Developmental changes of ribosome density in the cytoplasm of circulating erythroid cells of 
the rainbow trout. Each circle represents one cell. The vertical bar is the mean for each group of 
the circles. The black portion of the bar is the fraction of ribosomes occurring as polysomes. The 
two sets of bars at 3, 6 and 12 days after hatching represent counts on two populations of cells 


(From Yamamoto and Iuchi, [49)). 
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Fic. 6. Electron microscopic figures of erythroid cells 
in the peripheral blood of 3-day-old larva. L and 
ImA represent larval type erythrocytes and im- 
mature adult type erythrocytes, respectively. A 
scale indicates 1 um (From Yamamoto and Iuchi, 
[49}). 


A prepared from 2- to 6-year-old fish contained 3 
types of sialogycolipids, probably hematosides, 
while those of Ery L from just-hatched larvae 
consist mainly of a globoside. Although this is 
not a direct demonstration of differences of 
genetic phenotypes between Ery L and A, this 
observation strongly suggests that some specific 
genes other than globin genes are also activated and 
expressed during the differentiation of each type 
of erythrocytes. Some _ glycolipid-synthesizing 


enzymes may be good markers for the study of 
erythrocyte differentiation. 


ONTOGENETIC CHANGES 
IN ERYTHROPOIESIS 


Erythropoietic organs change during the devel- 
opment of animals. In higher vertebrates, em- 
bryonic or primitive erythrocytes originate from 
blood islands on yolk sac, while fetal and adult or 
definitive erythrocytes begin to arise in liver and 
their productions are transferred from spleen to 
bone marrow [33]. It is interesting to identify 
erythropoietic organs, with respect to the nursing 
sites for erythroid stem cells. 

We reported sites and stages of the first appear- 
ance of hemoglobins in developing embryos of 
rainbow trout [50]. o-Dianisidine histochemistry, 
which is well known as a method for the detection 
of hemoglobins [57], showed the initial erythro- 
poietic sites of rainbow trout embryos (Fig. 7). 
On 7th day after fertilization (15°C), o-dianisidine- 
positive spots are first observed sparsely all over 
the yolk sac. On 7.5—8th day, the spots on yolk sac 
become larger and more concentrated. These spots 
correspond to “blood islands’. At this stage, 
another region is also stained with o-dianisidine. 
This region, which is located under the intra- 
embryonic mid-trunk, corresponds to so-called 
““intermediate cell mass’”’ situated between somite 
and lateral plate, which was observed in Oncorhy- 
nchus keta Walbaum [58] and Salmo gairdneri {59}. 
Erythropoietic activity of blood islands seemed to 
be less than that of intermediate cell mass. 


6th day 


Sketches of rainbow trout embryos showing the sites of the first appearance of erythroid 


Fic. 7. 
cells. 


7th day 


75-8th day 


o-Dianisidine-positive sites were detected in the intermediate cell mass (ICM) and the 


blood islands on the yolk sac (Bi) (From Iuchi and Yamamoto, [50]). 
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In fish embryos, two types of first hematopoietic 
sites were found by Al-Adhami and Kunz [60]; (1) 
“blood island” type such as Pterophyllum scalare 
embryos and (2) “intermediate cell mass’’ type 
such as Brachydanio rerio embryos. Although 
the initial erythropoiesis of rainbow trout embryos 
arises in both the blood islands on yolk sac and 
the intermediate cell mass, the blood islands did 
not form a typical mass such as P. scalare embryo 
and were scattered as small clusters and seemed to 
be less erythropoietic than the intermediate cell 
mass. Therefore, erythropoiesis of rainbow 
trout embryos may be a variation of the “‘inter- 
mediate cell mass’ type. As erythrocytes in 
peripheral blood of 12th to 15th day embryos are 
typical Ery Ls and have Hb Ls, Ery Ls carrying 
Hb Ls originate from intermediate cell mass as 
well as blood islands mainly during 7th to 12th 
day after fertilization. 

The erythropoietic activity of both intermediate 
cell mass and blood islands is gradually reduced 
after 12th day and lost by the 15th day. Electron 
microscopic observations showed that Ery Ls 
divide mitotically in the peripheral blood of 12th 
to 15th day embryos (Fig. 8) [49]. It is conceiv- 
able, therefore, that erythropoietic activity of 
intermediate cell mass and blood islands is transient 
and that mitotic division of circulating erythroid 


of mitotic 


figure 
erythroid cell in the peripheral blood of 9-day 


Fic. 8. Electron microscopic 
embryo. Ch, chromosome; C, centriole. A 
scale indicates 1 »m (From Yamamoto and Iuchi, 


[49]). 


cells contributes to increase in the number of Ery 
L during the pre-hatching stage of development. 

To identify erythropoietic organs in post-hatching 
larvae during the hemoglobin switching and eryth- 
rocyte replacement, we examined the o-dianisidine 
histochemistry and immunohistochemistry using 
FITC-anti-Hb antibody [29, 50]. Tissue touch- 
imprints of various organs of post-hatching larvae 
were stained with FITC-anti-Hb A antibody. 
Throughout the post-hatching stages examined, the 
positive cells are found only in peripheral blood, 
kidney and spleen (Fig. 9). Morphological char- 
acteristics of cells found in spleen and kidney differ 
from those in peripheral blood, and are smaller in 
size with a relatively large nucleus and narrow 
fluorescent positive cytoplasm. As these cells 
were never Observed in peripheral blood, we refer 
to them as intra-tissue erythroid cells (IECs). It 
is conceivable that IECs are precursor cells of 
circulating Ery A including Ery ImA, from the 
following points; (1) having adult type hemoglobins 
(Hb A), (2) lower content of hemoglobins as 
compared with circulating erythrocytes, (3) occa- 
sional incidence of mitotic figures. IECs cor- 
respond to polychromatic to orthochromatic 
erythroblasts in mammals, with respect to intra- 
tissue erythroid cells having hemoglobin. IECs 
first appeared in small numbers in kidney and 
spleen one day before hatching and increased in 
number thereafter. Erythroid precursor cells 
such as IECs were never found in liver. These 
observations suggest that erythropoiesis of post- 
hatching Jarvae during the period of erythrocyte 
replacement is active in kidney and spleen. 

In adult fishes, hematopoietic organs were 
known to be in variety; spleen, kidney (pro- and 
meso-nephros), intestine, pancreas and gonad 
(Bertin, 1958; cited by [60]). On the other hand, 
other observations showed that teleostean spleen 
is of hemoclastic nature rather than hemopoietic 
(Zwillengberg, 1964; Haider, 1966; cited by 
[60]). In adult salmonid fish, Catten [61] observed 
that the main erythropoietic organs are spleen and 
kidney. One of the obscurities like this may be 
ascribable to the lack of sensitive and specific 
probe to identify the hematopoietic organs. Using 
FITC-anti-Hb A antibody as a probe, we directly 
demonstrated that the erythropoietic activity of 
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rainbow trout begins to arise mainly in spleen and 
kidney after hatching, and that the liver dces not 
show erythropoietic activity, unlike mammals, 
birds, turtles and amphibians. 


DISCUSSION 


Ontogenetic changes in the types of hemoglobins, 
erythrocytes and erythropoietic organs of rainbow 
trout are summarized in Figure 10. It is obvious 


Fertilization 7th Day 12th Day 


Blood Islands 


| 
| 
| 
ERYTHROPOIETIC | 
| 
ORGANS | 

| 


PERIPHERAL BLOOD 


Larval Erythrocytes 


Larval Hemoglobins 


Globoside Type Glycolipid* | 


Intermediate Cell Mass 


Photomicrographs of tissue touch-imprints of the kidney (a) and the spleen (b) in 5-day-old larva. 
Fluorescence were stained with FITC anti-Hb A antibody. Scales indicate 20 ym (From Iuchi and 
Yamamoto, [50]). 


that Ery L and A in rainbow trout correspond to 
primitive and definitive erythrocytes in mammals 
and birds, respectively. Although this scheme 
seems to resemble mainly those in other vertebrates 
such as man, mouse, chick, turtle and frog [62, 
66], there are some characteristics for rainbow 
trout. First, major globins of Hb Ls do not share 
a common polypeptide chain with Hb As. This | 
implies that globin genes for Hb As which are not 
common to those of Hb Ls are activated during the 
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Fic. 10. A diagram summarizing ontogenetic changes in types of hemoglobins, erythrocytes, and 


erythropoietic organs in rainbow trout. 
Yamamoto, [50]). 


*, Cited from Nambu ef al [1975]; (From Iuchi and 
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replacement of erythrocyte production after 
hatching. This characteristic is also insisted in 
frog system [38]. Second, some cell surface 
markers are available. Although the expression 
of some antigenic sites during the differentiation 
of adult stem cells into mature erythrocytes has 
recently been known in mammals [56], the chemical 
difference of cell surface markers between Ery L 
and A was demonstrated first and only in rainbow 
trout system [54]. This is one of suitable markers 
for studying the switching of primitive to definitive 
erythrocyte production. Third, the L~A shift of 
hemoglobins in rainbow trout is in a good correla- 
tion with changes in erythropoietic organs. In 
mammals, especially in human fetus, Hb F syn- 
thesis in liver remains even after the synthesis of 
Hb A begins to arise in bone marrow [33]. This 
implies that the F—A shift of Hb synthesis does not 
arise synchronously in various organs of a human 
fetus. The developing rainbow trout is distinctly 
different from these animals. In general, as 
compared with other vertebrates, salmonid fish 
system seems to be characterized by the good 
correlation with the L—A shift of hemoglobin 
types, erythrocyte types and erytropoietic organs. 
From evolutionary aspect, this good correlation 
would provide a basis for an idea that rainbow 
trout type of Hb switching phenomenon may be 
a prototype of those in higher vertebrates. 
Although there are various findings on stem cells 
or progenitor cells for blood cells in higher animals 
[7], studies on stem cells with special reference to 
the cause of hemoglobin switching are scarce. 
Recently, Zanjani et al. [63, 64] found that fetal 
hematopoietic cells of sheep develop to synthesize 
Hb A when they are transplanted in the lethally 
irradiated adult sheep, while adult marrow cells 
transplated into the fetus irradiated in utero never 
synthesize Hb F but continue to produce Hb A. 
These observations showed that adult environ- 
ments are capable of making fetal stem cells 
produce adult hemoglobins, while fetal environ- 
ments do not contain any elements which can 
switch adult stem cells to express a program of 
fetal hemoglobin synthesis. In addition, Maclean 
and Turner [65] showed that a giant tadpole, which 
fail to develop or metamorphose by cultivation in 
propylthiouracil, contains frog hemoglobins. 


These findings seem to imply that hemoglobin 
switching from embryonic or larval to adult is not 
influenced by the environments which stem cells 
are nested in or by the hormonal control, but 
influenced by the intrinsic fate determined during 
the erythroid cell differentiation. 

In developing rainbow trout, there are two 
observations on stem cells with special reference to 
hemoglobin switching and erythrocyte replacement 
[luchi, unpublished data]. First, X-ray irradia- 
tion (2000 R) to 15th day embryos does not seem 
to affect Ery L production in embryos, while it 
causes severe anaemia and the embryos fail to 
produce Ery As carrying Hb A after post-hatching 
development. This fact indicates that stem cells 
for adult erythrocytes begin to develop in embryos 
at about 15th day (5 day before hatching). 
Second, a transient treatment of 7-9th day em- 
bryos with phenylhydrazine (10°° M) caused the 
degradation of Ery Ls, producing embryos without 
Ery L production. Although the treated embryos 
develop and hatch out in spite of severe anaemia, 
they fail to produce adult erythrocytes after post- 
hatching development. Occurrence of stem cells 
for adult erythrocytes may be closely associated 
with the development of stem cells for larval 
erythrocytes. 

As reviewed here, the developing rainbow trout 
is one of good systems for studying hemoglobin 
switching phenomena correlated with erythrocyte 
replacement. In this system, the following 
experiments should be carried out in the future to 
obtain basic informations of hemoglobin ontog- 
eny; (1) the determination of primary structures of 
larval and adult globins, (2) the determination of 
gene structures of larval and adult globins, (3) the 
identification of stem cells for Ery L and A, (4) 
the features of globin gene expression during the 
differentiation of stem cells into mature erythro- 
cytes, and (5) the correlation of gene expression 
for Hb L and A during Ery L and A differentiation. 
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Nonlinear Analysis of Impulse Train Transmissions 
in the Crayfish Cerebral Ganglion 
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ABSTRACT — Characteristics of the impulse train transmission into the descending, very large 
interneurons through the crayfish cerebral ganglion were studied by use of an improved Wiener theory 
for nonlinear systems whose inputs were impulse trains. The responses in such interneurons were 
roughly classified into two types: the one-to-one type and the tonic type. The first order models were 
almost significant in a large part of the one-to-one type responses. The third order models, and 
sometimes the second order ones, were necessary to reproduce the accurate model outputs in the tonic 
type cases. It was gathered from the model output computation using the paired pulse inputs that a 
much stronger inhibition participated in the tonic type response than in the one-to-one type response. 
The response, affected by picrotoxin, a blocker of the inhibitory GABA-synapse, was similar to the 
one-to-one type. A model that consisted of the Volterra expansion model and a threshold mechanism 
connected serially to it, namely the Volterra-threshold model, was examined. Most of the responses 
in normal crayfish saline were predicted perfectly, or non-statistically, with the Volterra-threshold 
models of the optimal order. However, the non-statistical predictability was not found for any order 
of the Volterra-threshold models derived from the cerebral transmission data in picrotoxin. The 
possibility of a non-statistical decision mechanism for signal processing in the crayfish cerebral 
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ganglion was discussed. 


INTRODUCTION 


The outline of the transmission of the impulse 
trains through the cerebral ganglion of the crayfish 
and the linear analysis of the transmission with the 
frequency response function method were reported 
previously [1, 2]. The cerebral outputs studied in 
those works were the impulse trains transmitted 
into some large axons in the circumesophageal 
connective, so-called descending interneurons. 
The system composed of such interneurons in the 
crayfish cerebral ganglion was investigated first by 
Wiersma and Mill [3] and later by Wood and 
Glantz [4,5]. The former authors described in 
detail the positions of the axons, the classes of 
sensory signals affecting them and their activity 
patterns; the latter authors studied the inter- 
relations among the activities in the interneurons 
belonging to the system by means of cross-correla- 
tion analysis. 
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Including the works described above on the 
crayfish cerebral ganglion, a number of studies on 
various nervous systems have been performed with 
input-output analysis along the linear system 
theory. On the other hand, since the work of 
Marmarelis and Naka [6-8], many studies have 
been performed with nonlinear analysis based on 
the Wiener theory using white-noise input for the 
nervous systems whose inputs were analog signals. 
Also, a few studies by means of the Volterra expan- 
sion have been reported on the nervous systems 
whose inputs were impulse trains [9-11]. This 
paper is concerned with the computation of high 
order Volterra kernels from the input-output data 
of the impulse trains obtained in the crayfish 
cerebral ganglion, the derivation of the model 
outputs through convolution integral with the 
Volterra kernels and some fictive inputs, and the 
properties of the model outputs. 
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MATERIALS AND METHODS 


The experimental data were gathered mainly in 
the cerebral (supraesophageal) ganglion and 
partly in the abdominal ganglion of the crayfish, 
Procambarus clarkii. The details of the experi- 
mental procedure were described in previous 
papers [1, 2]. The electric pulses which appeared 
according to Poisson’s law were applied to the 
optic nerve running between the optic lobe and the 
cerebral ganglion as the input signal to the cerebral 
ganglion [12]. The impulse trains of the cerebral 
outputs in normal crayfish saline were recorded in 
two very large axons located about area-66 and 
area-75, respectively, numbered in the cross- 
section of the circumesophageal connective by 
Wiersma and Mill [3]. When it is necessary to 
discriminate between them, they are temporarily 
called ““WLA-1”’ for the axon near area-75 and 
““V]_A-2” for the axon near area-66. The example 
of the cerebral response in picrotoxin was ob- 
tained in the very large axon located about area-75. 


Theoretical methodology 


The Wiener theory of nonlinear systems was 
made easily usable in practical problems by Lee 
and Schetzen [13], who derived a simple method 
for calculation of the Wiener kernel by means of a 
multiple cross-correlation between the Gaussian 
white-noise input, x(t), and the system output, 
y(t). In their theory, the n-th order Wiener kernel 
is given as 
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where P is the power density of the input, G is the 
Wiener functional and E{ } indicates the expecta- 
tion of the content in the brackets. When the 
input is a binary random process, this method does 
not give accurate results [14]. However, such 
difficulty can be avoided by Krausz’s method in 
which a Poisson point process is used for the input 
signal [15]. In his theory, the impulse which is 
considered as Dirac’s delta function corresponds to 
the point in the input signal, and the Volterra 


kernel is obtained as follows; 
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where 2 is the mean rate of the input impulses. 
Then, the system output is calculated by the 
expression 
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using the following functionals 
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Computational methodology 


The signal intensity of the input (or the output) 
was set to be | in a bin of 10 msec width when the 
stimulus pulse (or the nerve impulse) was present 
in the bin, and set to be 0 when it was absent in 
the bin. We can represent arbitrarily the signal 
intensity of 1 as the unit impulse height of the 
vertical scale in some of the figures. Pretreatment 
of the output signals, such as averaging of the 
ganglionic responses for some identical stimulus 
periods, was not performed. An alteration was 
necessary to compute the high order kernels by 
Krausz’s method; the model output calculated with 
kernels of lower order than the currently computing 
kernel had to be subtracted from the experimental 
ganglionic output in the same manner as Lee- 
Schetzen’s method expressed in (1). The stable 
model outputs were never obtained without this 
procedure in the high order kernel computations. 
All computations were carried out on the mini- 
computer, HITAC 10-II (Hitachi, Ltd) using 
*““1-pass Fortran’. Smoothing of the kernels with 
the lag window, as used by Krausz and Friesen 
[10], was not adopted in the present computation 
of the model outputs. Instead of the kernel 
smoothing, the effect of ‘‘a threshold mechanism’’ 
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connected serially with the Volterra series approxi- 
mation model was examined (Fig. 8). 

This paper contains the following computations 
and considerations. First, the model outputs 
were reproduced using the Volterra kernels cal- 
culated by the above described procedure and the 
random pulse train input which had the same 
temporal pattern as the stimulus used in the 
experiment through (3) and (4). Then, each 
experimental output was compared with the model 
outputs calculated with the kernels up to the first 
order, the second order and the third order, 
respectively (Figs. 1, 4 and 6A). These model 
outputs will be referred to as the first order model 
output, the second order model output and so on 
in the text. The amplitude of the model output 
in each bin has the value of the ratio of it to the 
signal intensity of 1, i.e., the unit impulse height, 
mentioned above. Second, a similar comparison 
among the power spectra of each experimental 
output and its model outputs was also performed 
(Figs. 3and 6B). Third, another type of the model 
outputs was calculated by use of the fictive pattern 
inputs which consisted of pairs of stimulus pulses 
of various intervals (Figs. 2, 5 and 7). Finally, 
the output property of the Volterra-threshold 
model shown in Figure 8 was discussed for the 
nonlinear nervous systems in the crayfish cerebral 
ganglion. 


RESULTS 


Long term responses in the identifiable large 
interneurons in the circumesophageal connective 
to electric pulse stimuli applied to the optic nerve 
are roughly classified into two types [2], although 
Wiersma and Mill [3] and also Wood and Glantz 
[4, 5] have described a more detailed classification 
for stimuli to various sense organs. In our 
classification, the first is the one-to-one type in 
which a cerebral output impulse is transmitted 
corresponding to a stimulus pulse (Fig. 1B). 
The second is the tonic type in which the frequency 
of the cerebral output impulses does not change so 
much, even if the frequency of the stimulus pulses 
is widely changed (Fig. 4A). For example, in an 
experiment on the second type where the stimulus 
pulse trains of constant frequency were used, an 


increase in stimulus frequency from 25 Hz to 
150 Hz resulted in only a 1.3 times increase in 
nerve impulse frequency which was initially 22 Hz 


[2]. 
One-to-one type 


The perfect one-to-one type transmission is 
frequently observed in the abdominal ganglion 
rather than in the cerebral ganglion, as illustrated 


it 
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Fic. 1. A. One-to-one type response of a descending 
axon in the circumesophageal connective. B. 
One-to-one type response of a neuron in the 
abdominal ganglion. St: Random pulse train 
inputs applied to the pre-ganglionic nerves. Re: 
Nerve impulse trains of ganglionic outputs. Ist, 
2nd and 3rd: Calculated model outputs up to the 
third order. The vertical dotted lines in some bins 
of the model output of each order correspond to 
the initiation of nerve impulses in those bins. 
Horizontal solid lines in the model output diagrams 
are threshold levels for impulse initiation. See 
text for explanation of horizontal broken lines in 
the model output diagrams, upward and downward 
arrows at the right side of the figures, and slanted 
arrows in the cerebral response record. Horizo- 
ntal scale: 200 msec. Vertical scale: Unit impulse 
height (amplitude of the ganglionic output impulse 
is set to be a unit length; inapplicable to stimuli). 
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in Figure 1B. Figure 1A shows a one-to-one type 
response in a very large descending axon, the 
corresponding model outputs up to the third order 
and the stimulus pulse train. In the bin where 
the cerebral output impulse occurs, growth of the 
model output amplitude can be seen when the 
kernel order participating in the calculation of the 
model increases. Such a feature in the model 
outputs can be recognized in all transmission data 
(Figs. 1,4 and 6A). The correspondence between 
the stimulus pulse and the cerebral output impulse 
was not always perfect in the cerebral one-to-one 
type response; omission of the output impulse was 
found against the stimulus pulse applied after a 
short interval from the preceding one, as indicated 
by the slanted arrows in Figure 1A—Re. 

In principle, the power spectra of the model 
outputs should asymptotically approach the 
spectrum of the experimental ganglionic output 
when the kernel order participating in the com- 
putation of the model increases, as a typical case 
illustrated in Figure 3C. Similar relations can be 
also recognized among the experimental and model 
spectral profiles of the one-to-one type responses of 
the cerebral and abdominal ganglia (Fig. 3A and 
B). However, the spectral level of each first order 
model output is very close to that of the corre- 
sponding experimental ganglionic response in the 
one-to-one type case, except the high frequency 
range which contributes only to the shaping of the 
impulse itself. Thus, the significance of the 
linearized model can usually be accepted for the 
one-to-one type transmission in the frequency 
domain [1], but it remains good only statistically 
as discussed later. 

In order to evaluate the further potential of the 
Volterra kernels obtained in the present computa- 
tion, another type of model output was calculated 
using paired pulse inputs of various intervals 
(Fig. 2). Some of the common features of the 
ganglionic transmission can be found in the model 
outputs calculated with such input patterns. For 
example, the omission of the cerebral output 
impulse against the second pulse occurs in the 
model output calculated with paired pulses of short 
interval as shown in Figure 2Aa. Such inhibitory 
property is again found for a longer pulse interval 
(Fig. 2Ad), although the output impulse always 


Fic. 2. A. Model outputs calculated using paired 
pulse inputs, corresponding to the cerebral one-to- 
one response shown in Fig. 1A. B. Model outputs 
calculated using paired pulse inputs, corresponding 
to the abdominal ganglionic one-to-one response 
shown in Fig. 1B. Ist, 2nd, 3rd and 4th: Model 
outputs up to the fourth order. St: Paired 
pulse inputs used for model calculation. Upward 
arrows in some bins indicate that the model output 
values in the bins are enough to initiate the impulse 
outputs. Horizontal scale: 200 msec. Vertical 
scale: Unit impulse height. 


appears corresponding to the stimulus pulse for 
each of the other stimulus intervals (Fig. 2Ab, c, e 
and f). On the other hand, the inhibition did not 
occur at all in the model outputs calculated with 
the kernels of the transmission data in the ab- 
dominal ganglion (Fig. 2B). A hidden difference 
between the one-to-one responses in the cerebral 
and abdominal ganglia was revealed through the 
reproduction of the high order model outputs with 
paired pulse stimulation; a very large amplitude 
and noise-like deflections which did not correspond 
to any stimulus pulse appeared suddenly in the 
fourth order model outputs of the abdominal 
ganglion (Fig. 2Ba, b and c). However, such 
noise-like large deflections were not observed in 
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Fic. 3. Power spectra of the experimental ganglionic outputs (thick solid 
curves), the first order model outputs (thin solid curves), the second order 
model outputs (thin broken curves) and the third order model outputs (thin 
dotted curves) against random pulse train input; corresponding to the 
cerebral one-to-one type response shown in Fig. 1A (A), the abdominal 
ganglionic one-to-one type response shown in Fig. 1B (B), and two kinds 
of cerebral tonic type responses shown in Fig. 4A and 4B (C and D), 
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the high order cerebral model outputs under normal 
saline conditions (Figs. 2A and 5). 

The one-to-one type response described above 
was recorded under a strong stimulus condition 
in the same VLA-~1 interneuron that one of the 
tonic type responses shown in the next section was 
obtained under moderate stimulus condition. It 
was possible to cause only a change in direction 
from the tonic type to the one-to-one type in a 
transient manner, but a type change in the reverse 
direction was never found under our experimental 
conditions. 


Tonic type 


Figures 4A and 4B illustrate the typical tonic 
type responses recorded in two kinds of descending 
axons, VLA-1 and VLA-2, respectively. In 


Fic. 4. A. Tonic type response in the interneuron, 
VLA-1. B. Tonic type response in the inter- 
neuron, VLA-2. St: Random pulse train inputs. 
Re: Nerve impulse train outputs. Ist, 2nd and 
3rd: Model outputs up to the third order. See 
the legend of Fig. 1 for explanation of other 
marks. Horizontal scale: 200 msec. Vertical 
scale: Unit impulse height. 


spite of the apparent resemblance between the 
temporal patterns of both tonic type cerebral 


A 


Re 
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outputs, remarkable differences between their 
model outputs were found. The amplitude of 
the model output of VLA-2 is much larger on 
the whole than that of VLA—1 in each model order 
(Fig. 4A and B). A similar feature can be recog- 
nized more clearly in the spectral profiles of the 
same model outputs as above (Fig. 3C and D): 
an almost constant increase in spectral levels 
occurs as the model order increases. We can 
read an optimal value of the model orders, for 
which the level of the model spectrum is nearest to 
the level of the experimental one, in each graph in 
Figure 3. Thus, the optimal order of the model of 
VLA-1 is the third (Fig. 3C) and that of VLA—2 is 
the second (Fig. 3D). 

One of the properties of the tonic type responses 
was that there was little chance of impulse trans- 


Fic. 5. A. Model outputs calculated using paired 
pulse inputs, corresponding to the cerebral tonic 
type response shown in Fig. 4A. B. Model 
Outputs corresponding to another cerebral tonic 
type response shown in Fig. 4B. ist, 2nd, 3rd 
and 4th: Model outputs up to the fourth order. 
St: Paired pulse inputs used for model calculation. 
Horizontal scale: 200 msec. Vertical scale: 
Unit impulse height. 


mission with a single pulse stimulation. In each 
computed result shown in Figure 5, the model 
output corresponding to the first pulse of the pair 
was too small to initiate the output impulse, even 
if kernels up to the fourth order were used in the 
model output computation. In addition, the 
first pulse was always accompanied by prolonged 
inhibition; the inhibitory and excitatory phases 
occurred alternately against the second pulse after 
various intervals from the first one (Fig. 5A). It 
seems likely that distinction of the tonic type 
response from the one-to-one type response is 
participation of a much stronger inhibition in the 
former than in the latter. 

It has already been demonstrated that the 
crayfish ganglionic transmission is _ character- 
istically affected by picrotoxin, an inhibitory 
GABA-synapse blocking agent [9]. Particularly, 
reasonable changes on the basis of the linear 
system theory occurred in the frequency response 
functions of the transmission through the abdom- 
inal ganglion in picrotoxin. However, the effect 
of picrotoxin on the cerebral transmission was not 
sufficiently explained within the linear theory. 
Thus, the study of the effect of picrotoxin on the 
cerebral transmission was again attempted by 
means of the nonlinear theory. 


Effect of picrotoxin 


An apparent change induced by picrotoxin, 
10°° M, in the tonic type cerebral response is an 
initially noticeable increase in the output impulse 
rate. After a while, the responses gradually 
approach the pattern which closely resembles the 
one-to-one type (Fig. 6A). But the pattern of 
the cerebral response affected by picrotoxin is a 
little different from the cerebral one-to-one type in 
which the omission of the output impulse occurs 
against the stimulus pulse applied after a short 
interval from the preceding one as shown in Figure 
1A; rather, some additional impulses are initiated 
as indicated by the slanted arrows in Figure 6A— 
Re. At the same time, remarkable augmentation 
of the model output amplitude occurs for each 
order (note reduction of scale of the third order 
model output in Fig. 6A). The resultant increase 
of the level height can be found in the spectrum 
of the model output of each order. (Fig. 6B). 
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Fic. 6. A. One-to-one type response of a descending 
axon in the circumesophageal connective in 
picrotoxin-containing saline. St: Random pulse 
train input. Re: Nerve impulse train output. 
Ist, 2nd and 3rd: Model outputs up to the third 


order. See the legend of Fig. 1 for explanation of 
other marks. Horizontal scale: 200 msec. 
Vertical scale: Unit impulse height. B. Power 


spectra of the experimental cerebral output (thick 
solid curve), the first order model output (thin 
solid curve), the second order model output (thin 
broken curve) and the third order model output 
(thin dotted curve), derived from the same data as 
shown in A. 


Thus, the spectral level of the second order model 
nearly coincides with that of the experimental 
cerebral output. The spectral level of the third 
order model output is far over the experimental 
one. In a frequency range lower than 25 Hz, the 
spectrum of the first order model is considerably 
close to the experimental one. Therefore, the 
Statistical significance of the linear model can be 
allowable for the cerebral transmission affected by 
picrotoxin in this frequency range. 

Now we again encounter extreme aberrations of 
the model output values which were computed by 
use of the paired pulse inputs and the Volterra 
kernels obtained from the cerebral transmission 
data in picrotoxin, as shown in Figure 7, more 
than the aberrations in the abdominal ganglion 
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Fic. 7. Model outputs up to the fourth order (Ist, 2nd, 
3rd and 4th), calculated using paired pulse inputs 
(St); corresponding to the cerebral one-to-one type 
response in picrotoxin, shown in Fig. 6A. 


case shown in Figure 2B. Particularly, the fourth 
order models involve the downward and upward 
deflections of very large amplitude independent of 
the stimulus pulses (note reduction of scale of the 
fourth order model outputs in Fig. 7). Disorders 
in cerebral neuronal circuits as a result of the 
blocking of inhibitory synaptic actions in picrotoxin 
probably make the approximation with the 
Volterra series difficult. It is expected that a large 
number of the inhibitory synapses take part in the 
generation of such a well-regulated ‘tonic’? type 
cerebral response as illustrated in Figure 4A. 


DISCUSSION 


The final pattern of the ganglionic response in 
picrotoxin was usually similar to the one-to-one 
type for a variety of neurons in the cerebral 
ganglion of the crayfish. Its signal transfer 
characteristics had considerable resemblance 
among various kinds of neurons. Also, similarity 
among the characteristics of the one-to-one type 
responses under normal saline conditions was 
recognized clearly (Figs. 1, 2, 3A and 3B). How- 
ever, it seems that the tonic type responses in 
normal crayfish saline show distinctive character- 
istics even between the different kinds of descend- 
ing interneurons (Figs. 3C, 3D, 4 and 5). Thus, 
further discrimination was attempted among the 
signal transfer characteristics of the Volterra 
expansion models for the ganglionic transmission 
studied above through the considerations described 
below. 
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Volterra-threshold model 


Consider a system in which the Volterra expan- 
sion model of an appropriate order and a threshold 
device for output impulse initiation are connected 
serially, i.e., the Volterra-threshold model (Fig. 
8). Then it is postulated that the impulse in a 
bin as the output of the Volterra-threshold model 
is initiated when the value of the Volterra expansion 
model output reaches a threshold level in the bin. 
Thus, the difference between the impulse train of 
the experimental cerebral output and the impulse 
train obtained from the Volterra-threshold model 
was examined. 


Fic. 8. ‘‘Volterra-threshold model’’ constructed with 
the Volterra expanision model of the finite order 
and the threshold device for output impulse initi- 
ation. x(t): Input impulse train. y(t): Output 
of the Volterra expansion model. z(t): Output 
impulse train of the Volterra-threshold model. 
G,, G,..., Gy: Volterra functionals. 


The horizontal solid line in each model output 
diagram in Figures 1, 4 or 6A indicates the 
lowest level among the model output values in 
the bins where the experimental cerebral impulses 
were initiated, i.e., the threshold level. The 
horizontal broken line in each diagram shows 
the highest level among the model output values 
in the bins where the cerebral impulses do not 
occur. It is postulated secondly, that impulse 
initiation from the Volterra model output in a bin 
is independent from the impulses in the adjacent 
bins. The case where impulse initiation in a bin 
depends upon the condition of the preceding bin 
(or bins) is reserved for future study. 

The arrow in the direction of the solid line from 
the broken one at the right side of each diagram 
represents the relation between both levels de- 
scribed above (the arrow is not drawn when both 
levels are very near). When the arrow is upward, 
the value of the Volterra model output higher than 


the threshold (the solid line) in a bin always corre- 
sponds with the initiation of the cerebral impulse 
in the bin. In the downward arrow case, even if 
the Volterra expansion model output in a bin goes 
over the threshold level, it does not always corre- 
spond with the initiation of the cerebral impulse in 
the bin. In other words, when the arrow is 
upward, the temporal pattern of the cerebral 
output impulse train in the descending interneuron 
always coincides with the temporal pattern of the 
output impulse train of the Volterra-threshold 
model. However, when the arrow is downward, 
the temporal pattern of the Volterra-threshold 
model output is not identical with that of the 
experimental cerebral output. It can be said that 
the cerebral output is predicted non-statistically 
with the Volterra-threshold model in the upward 
arrow case, but it is done only statistically in the 
downward arrow case. Therefore, when the model 
outputs are calculated with kernels up to the third 
order, the output predictions are non-statistical 
for the ganglionic transmission data shown in 
Figures 1 and 4A. At the same time, when the 
model outputs are obtained with kernels lower 
than the second order, the output predictions are 
statistical for the same transmission data as above. 
On the other hand, the second order model is non- 
statistical for the cerebral response in VLA-—2 
illustrated in Figure 4B, although the distance 
between the horizontal solid line and broken one 
is too small to indicate with an arrow. The third 
order model of VLA-2 is again strongly statistical 
(Fig. 4B). It is noticeable that the model order 
for the non-statistical prediction coincides with 
the optimal model order decided from the spectral 
level of the model output nearest to that of the 
experimental cerebral response. 


Model under ill-conditions 


The output characteristics of the Volterra- 
threshold model were strikingly affected by 
picrotoxin; the downward tendency of the arrows 
at the right side in Figure 6A appeared for all 
orders of the model. In other words, the non- 
statistical model was never obtained for any model 
order in picrotoxin. It is highly probable that 
neuronal disorders induced in the cerebral ganglion 
by picrotoxin result in the divergent property of 
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the Volterra expansion and, consequently, in the 
large deflections in the model output values cal- 
culated with the paired pulse stimulation (Fig. 7). 

At the same time, we should consider the similar 
large deflections in the high order model outputs 
of the abdominal ganglion under normal saline 
conditions (Fig. 2B). The stimuli to the abdom- 
inal ganglion were applied to a subbundle picked 
up properly in the interganglionic connective, and 
the responses were recorded in a neuron with an 
intracellular microelectrode. The subbundle natu- 
rally consists of various kinds of axons which 
include the axons running antidromically against 
the direction of the synaptic transmission of the 
recording neuron. It is difficult to suppose the 
simultaneous firing of all of those axons in the 
normal living state. Therefore, it seems likely 
that such simultaneous firing evoked by the stimuli 
applied to the subbundle brings about some 
disordered inputs into the recording neuron. Asa 
result, the disordered inputs may also induce the 
large deflections in the high order model outputs 
of the abdominal ganglionic response even in 
normal saline (Fig. 2B). 

The situation for the stimulus to the cerebral 
ganglion is quite similar to that of the abdominal 
one, because the stimuli are applied to the whole 
bundle of optic nerve which includes various kinds 
of afferent and efferent axons. However, the very 
large deflections were not observed in the high 
order model outputs against the paired pulse inputs 
for the cerebral responses in normal saline (Figs. 
2A and 5). The influence of different kinds of 
interneurons in the optic nerve upon the responses 
in the descending interneurons and the outputs of 
their Volterra expansion models is not clear at all 
for the present. 


Non-statistical decision of cerebral output 


The nonlinear properties identified in the 
crayfish cerebral transmission by the present 
mulitple cross-correlation method make non- 
statistical expression of the input-output relations 
in the central signal pathway possible. It must be 
noted that the input-output relations of all of the 
first order Volterra-threshold models and most of 
the second order ones are still statistical for the 
one-to-one type responses whose system orders are 


relatively small (note that the system order is 
concerned with the difference equation of the sys- 
tem and can be estimated by the kernel lag number 
required to calculate accurate model output, but 
not the kernel order in this paper [16]). Further- 
more, we are surprised by the non-statistical 
predictability that the Volterra-threshold models 
of the optimal order exhibit for the tonic type 
responses whose system orders are considerably 
large. It is conceivable that some of the tonic 
transmission systems in the cerebral ganglion can 
perform a non-statistical decision of their outputs 
against particular patterns in the nerve signal time 
series passing through them. 

Because the neuronal units studied in this work 
were only very large axons located about area-66 
and area-75, we should mention the categories of 
these axons following Wiersma and Mill’s nomen- 
clature [3]. The very large axons in area-66 are 
C120 and C124; there are also many large axons 
in this area, i.e., C88, C110, C114, C122 and C130. 
The very large axons in area-75 are C4 and C99; 
all others in this area are the small axons. Accord- 
ingly, it can be considered that C120 and others in 
area-66 are probable candidates for VLA-—2 and 
C4 and C99, for VLA-—1; however we have not used 
the transmission data, which may be a direct 
invasion into the descending axons from the optic 
lobe. Therefore, we can exclude the interneurons 
which possess the possibility of such cerebral 
transmission from the candidates. 

Although the whole routes in the crayfish 
cerebral ganglion to the descending visual inter- 
neurons in the circumesophageal connective from 
the optic nerve are still obscure, it has been ob- 
served that the neuronal structure involved in the 
pathway of the visual signal is largely different 
from and more complex than the structures in the 
routes of other kinds of sensory signals [17]. The 
fact that the tonic type responses in VLA-1 and 
VLA-2 are very labile and their input-output 
relations are very complicated may suggest that 
they are high order interneurons which have some 
relation to visual signal processing. Wiersma 
and Mill [3] have described a number of the 
descending interneurons carrying the cerebral 
output signals. Only a few kinds have been 
studied in this work. But, we can discriminate 
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among the signal transfer characteristics of their 
responses through the present nonlinear analysis. 
It can be expected that the neuronal mechanisms 
in the central nervous systems of various kinds of 
lower animals will be clarified through nonlinear 
analysis by the Volterra-Wiener theories, espe- 
cially multi-channel analysis using a number of 
inputs. 
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Identification of the Cardio-Regulator Nerves in a 
Marine Hermit Crab and the Shadow-Induced 
Cardiac Inhibition in Some Decapods 
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ABSTRACT — The routes of the cardio-regulator axons from the thoracic ganglion to the heart 
were identified anatomically and electrophysiologically in a marine hermit crab, Aniculus aniculus. 
Two pairs of cardio-accelerator axons and one pair of cardio-inhibitor axons were found. On each 
side, two accelerator axons and one inhibitor axon emerge from the thoracic ganglion in different 
nerve bundles and join together to form the dorsal cardiac nerve entering the heart. Both cardio- 
accelerator and inhibitor nerves were found to be tonically active. One of the two accelerator 
nerves was quite active but the other was much less active. Cardiac inhibition resulted from activation 
of the inhibitor axon and depression of the accelerator axons. 

Cardiac inhibition was induced by mechanical stimulation applied to various sites on the body and 
also by shadow stimulation. Although an increase of neural activity was observed in various 
peripheral nerves (afferent and efferent, or somatic and visceral nerves), the cardiac inhibition seen in 
the shadow reflex seems to be primarily a reflex response, mediated by a neural pathway from the 
compound eyes to the cardio-inhibitor nerve. 

While all decapods used in the present study showed cardiac inhibition induced by external mechani- 
cal stimuli, there seems to have been a tendency for marine (littoral) decapods to respond to shadow 
stimulation by cardiac inhibition, which is not readily seen for terrestrial decapods in response to 
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the same stimulation. 


INTRODUCTION 


It has been known that in crustaceans both 
one pair of cardio-inhibitory nerves, and one or 
two pairs of cardio-acceleratory nerves, run 
from the thoracic ganglion to the heart [l, 2, 
reviewed in 3]. The inhibitor nerves have been 
reported to have effects on the cardiac ganglion 
in decapods [4-10] and on the myocardium in 
an isopod [11, 12]. Those studies have focussed 
on the intracardiac mechanisms of the nerves in 
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isolated hearts. 

In some decapod crustaceans, it has been 
reported that change of illumination intensity 
produces effects on activities of the heart and 
the scaphognathites. Larimer and Tindel [13] 
reported that dark environment causes bradycardia 
and illumination causes tachycardia in the cray- 
fish. Uglow [14] mentioned that in some portunid 
crabs optical stimuli and vibration could cause 
a temporary arrest of the heart and of the 
scaphognathites. Florey and Kriebel [15] re- 
ported that cardiac inhibition was induced by 
optical or mechanical stimuli in marine crabs. 
Cumberlidge and Uglow [16] found that temporary 
cardiac inhibition, as well as the cessation of 
respiratory ventilation, was induced by shadow 
stimulation in the shore crab. It has been also 
reported, in decapods, that sensory activation by 
touch and other external stimuli has effects on 
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activities of the heart and the scaphognathites 
[17-20]. In the hermit crab, cardiac arrest has 
been seen in response to visual detection of 
movement, superficial mechanical stimulation, 
and imposed cheliped extension [21]. 

Field and Larimer [22] have shown that in the 
crayfish the inhibitory cardiac reflex to external 
mechanical stimuli is mediated by the reciprocal 
action between the cardio-regulator nerves, one 
inhibitor and one accelerator. However, in 
other decapod species which have two pairs of 
cardio-accelerator nerves such a _ relationship 
has not been verified. 

We first identified each of the cardio-regulator 
nerves of a marine hermit crab (Aniculus aniculus) 
anatomically, histologically and physiologically. 
Then we examined the temporal relationship 
between components of activity patterns of the 
merves at times of cardiac inhibition induced 
spontaneously or by shadow (light-off) stimulation. 
Furthermore, we attempted a survey of the 
presence or absence of shadow-induced cardiac 
inhibition arnong a variety of decapod crustaceans, 
which live in sharply different aquatic (marine) or 
terrestrial environments. We found that tactile 
stimulation has cardio-inhibitory effects in all 
species investigated, regardless of the environment, 
and that only marine (littoral) decapods readily 
show an inhibitory response to shadow stimulation. 


MATERIALS AND METHODS 


The marine hermit crab (Aniculus aniculus) 
was the principal experimental animal in this 
study. Certain other sub-littoral and terrestrial 
decapods were used to determine whether they 
also possessed the reflex of shadow-induced 
cardiac inhibition. Marine species were kept 
in an aquarium at 15-18°C for periods up to 3 
months after they were collected on the Pacific 
coast (Tokai-area). Terrestrial species were kept 
in a constant temperature room (at 23°C). 

Animals were doubly bound to a steel rack by 
thick rubber rings which attached the pereiopods 
in an extended position and also attached the 
anterior portion of the carapace to the central 
framework of the rods. The first to third 
pereiopods of the naked hermit crabs were 


secured, since the fourth and fifth were very 
small. In other decapods, the first to fifth were 
used. Then the restrained animals were mounted 
on a stand which was partly covered with a soft 
plastic plate. The uropods were fixed by pins 
to the soft plastic plate. When dealing with marine 
animals, the stand was then put in an experimental 
chamber, which was constantly flushed with 
aerated sea water. The preparation was then 
set at a shaded site in a shielded cage in a quiet 
environment. Acoustical and mechanical shield- 
ing shut out unexpected stimuli which might 
induce cardiac inhibition. 

Before the stimulation, the hermit crabs were 
exposed to light projected downward from a 
light source equipped with a tungsten bulb upon 
a pair of the compound eyes, from a site in front 
of the animals. Sudden reduction in intensity 
of the illumination was used as the shadow 
stimulation. Manually operated voltage reduc- 
tion, or switch-off of a power supply, provided 
up to more than 10° lux reduction (usually, 2 to 
3 x 10° lux). Since the shadow-induced cardiac 
inhibition showed habituation to the stimulation 
(unpublished observation), we set the interval 
between stimuli long enough to avoid habituation. 
(We had ascertained in preliminary experiments 
that the length of a light-adaptation period which 
was enough to induce repetitive cardiac inhibition 
was less than 10min.) To record electrical ac- 
tivity of the heart, we used a spiral Ag-AgCl 
wire electrode (diameter 0.1mm), with a fire- 
polished tip. A glass capillary suction electrode 
containing an Ag—AgCl wire was used for 
recording nerve impulses and for stimulating the 
cardio-regulator nerves. A _ strain-gauge trans- 
ducer was used to obtain a mechanogram of the 
heart beat. Shadow stimuli were monitored by a 
photocell. 

Cross sections of the cardio-regulator nerves 
were Obtained by the following procedure. A 
piece of cardio-regulator nerves in the pericardium 
was isolated and fixed in 2.5% glutaraldehyde, 
and embedded in Quetol 523 (Nissin EM). 
Sections (1 wm) were cut with glass knives and 
stained with toluidine blue. 
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RESULTS 


Routes of the cardio-regulator axons 


A photomicrograph in Figure 1A shows three 
axons forming a nerve bundle, the dorsal cardiac 
nerve (DCN) [cf. 1, 23] at a site between the 
pericardium and the heart. 
were about 10 ~m in diameter. 

Each axon is derived from a different superior 
nerve (SN) arising bilaterally out of the thoracic 
ganglion (ThG) as shown in Figure 1B for Aniculus 
aniculus. Nerve bundles which arise from ThG 
to run to a superior area of the pleural cavity 
were identified as the Ist to 7th SN, numbered in 
turn starting with the most anterior one [2, 23]. 
The 2nd superior nerve (SN-2) arises from ThG 
at the dorso-medial site, slightly posterior to a 


These three axons 


root of the cerebro-thoracic connective. The 
A 
B 
es 
a OST 
CThc p 
Fic. 1. A: Three axons (a) are seen in a photograph 


of a section cut from the dorsal cardiac nerve 
between the pericardium and the heart. B: 
Schematic drawing of the routes of three cardio- 
regulator axons on the right side. DCN, dorsal 
cardiac nerve; H: heart; OST, ostium; PC, 
pericardium; CThC, cerebro-thoracic con- 
nective; ThG, thoracic ganglion; 1PN, first 
pereiopod nerves; ES, endophragmal skeleton. 
(see text) 


4th superior nerve (SN-4) arises from ThG at a 
site slightly dorsal to the first pereiopod nerves. 
The 3rd superior nerve (SN-3) arises from ThG 
at the middle portion between those two bundles. 
Nerve SN-2 runs anteriorly with the connective 
and runs upward along the endophragmal skeleton 
to the dorsal area. Then it passes through a 
foramen in the endophragmal skeleton, emerges 
at a dorsal area, and turns posteriorly along the 
exoskeleton. Nerve SN-3 runs anteriorly with 
many bundles to the maxilla. After separation 
from these bundles this nerve runs_ posteriorly 
along the endophragmal skeleton. Then it passes 
through the same foramen as SN-2 and emerges 
at the dorsal area. SN-2 and SN-3 are ana- 
tomically separated while coursing through the 
dorsal area and then fuse into one doubled-nerve in 
the branchial region. SN-4 runs dorsally along 
the surface of ThG and emerges in the dorsal 
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Fic. 2. DCN impulses recorded at a site just before 
entering the heart. A: Spontaneous activity of 
DCN. B: Conducted single impulses induced by 
electrical stimulation applied to the third, fourth 
and second superior nerves, respectively from top 
to bottom traces. 


38 T. MryAZAkI, K. KuwAsAwa et al. 


area at the center of the median plate and then 
runs dorso-posteriorly along the endopleurite. 


Identification of impulses of the cardio-regulator 
axons 


Figure 2A shows spontaneous activity of DCN. 
Large, medial and small components of impulses 
are seen in the record. These three types of 
spontaneous impulses were identical to those of 
unitary impulses which were induced when 
electrical stimulation was applied to superior 
nerves (Fig. 2B). From top to bottom, the 
traces show impulses recorded from DCN as 
SN-3, SN-4 and SN-2 were stimulated indi- 
vidually. The results show that the three cardio- 


5 sec 


Fic. 3. 


regulator axons are contained one by one in the 
three superior nerves. Identification by physi- 
ological experiments (which will be described 
later) led us to conclude that SN-—2 contains 
one cardio-inhibitor nerve (CI), SN-3 contains 
one (the Ist) cardio-accelerator nerve (CA1) and 
SN-4 contains the other (the 2nd) cardio-ac- 
celerator nerve (CA2) [cf. 10]. 


Effects on heart rate of the three cardio-regulator 
axons 

Normal heart rate ranged from 27 to 
270 beats/min (120-455 beats/min, n=126). In 
Figure 3A, Bl and B2 were ECGs obtained 
during stimulation to SN-2 (CI), SN-3 (CAI) 
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A: Effects of the cardio-inhibitor nerve (CI) stimulation on ECG. B: ECGs recorded when 


CAI and CA2 were stimulated respectively in 1 and 2. Each bar under the traces shows a stim- 
ulation period. Numerals at the beginning of each record show stimulus frequency (Hz). C: 


Graph showing effects of stimulation of the cardio-regulator nerves on heart rate. 


The effects are 


represented as values of the heart rate during stimulation relative to the heart rate before stim- 


ulation. 
obtained with 3 to 20 trials. 


Control heart rate, 80-++35 beats/min: n=307 in 13 animals. 
Each vertical bar indicates a standard deviation. 


Each plot is a mean value 
Dotted lines 


show a standard deviation of heart rate before stimulation in all trials. 
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and SN-4 (CA2), respectively, at the indicated 
altering frequencies of stimulation. The heart 
rate was reduced by CI stimulation in an almost 
linear relationship with increase of stimulus 
frequencies. At frequencies above about 60 Hz, 
the cardiac arrest was maintained during the 
period of stimulation in all experiments. 

CA1 or CA2 stimulation increased the heart 
rate nearly in proportion to stimulus frequency 
up to 40 Hz. However, in either CAl or CA2 
stimulation at frequencies above approximately 
60 Hz, increase of the heart rate saturated at a 
level of approximately two times normal. As 
shown in Figure 3C, curves of CAl and CA2 
were almost the same at any stimulus frequency. 
Effects of simultaneous stimulation of CA1 and 
CA 2on the heart rate are also shown in the figure. 
The maximum heart rate with simultaneous 
stimulation was obtained at40 Hz. The maximum 
value was approximately twice normal being 
equal to that of individual CA1 or CA2 stimulation 
at about 60Hz. Thus, both CAl and CA2 
had almost the same acceleratory effects, which 
could spatially summate at frequencies up to 
60 Hz in the range of the maximum value at 60 Hz. 


Effects on contraction force of the cardio-regulator 
axons 


Figure 4 shows mechanograms illustrating effects 
on contraction force of stimulation to the cardio- 
regulator nerves. A, Bl and B2 are results 
obtained during stimulation applied to CI, CAI 
and CA2, respectively. In A, reduction of con- 
traction force appeared in escaped beats during 
the stimulation (top and middle traces) and in 
beats after cessation of the stimulation (bottom 
trace), when the contraction force recovered 
gradually. 

Stimulation to CA1l or CA2 increased the force 
of contraction. The contraction force reached 
a maximum at about 50 Hz. At higher frequencies 
force of beating contraction tended to be reduced 
compared to the maximum, but as shown by 
elevation of the diastolic base of the mechano- 
grams, the heart tension was increased during 
the stimulation (Bl and B2, bottom traces). 

Thus, CA1 and CA2 stimulation exerted positive 
chronotropic, inotropic and tonotropic effects on 
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Fic. 4. Effects of stimulation to the cardio-regulator 
nerves on the cardio-mechanogram. A: Cl 
stimulation, B: 1, CAI stimulation, 2, CA2 


stimulation. Each bar indicates a period of nerve 
stimulation. Numerals at the beginning of each 
record show stimulus frequency (Hz). 


the heart. The difference between the excitatory 
effects of CAl and CA2 on the heart was not 
noticeable. 


Neural pathway for the cardiac inhibition evoked in 


the shadow reflex 


The heart of the crayfish has been reported to 


receive tonic acceleratory influence [22, 24]. It is 
likely that the Aniculus heart usually receives 


acceleratory and inhibitory influence, more or less 
tonically, from the thoracic ganglion. 
Relationships among frequencies of accelerator 


T. MryAzakI, K. KuwasaAwa et al. 


900°, fore) 
OQO0050 ° 0g0,0. 0 
200-4 290% 2 SILAS 5 POM 5% 6 


[o) (2) 
(e} 


(e) 


(beats/min) 


Number of Inhibitory Heart Rate 


Impulses per 0.5 sec 


ulses 


Number of 
Acceleratory 
per 0.5 sec 


Imp 


0 5 10 20 25 


15 

Time (sec) 

Fic. 5. The relationship among impulse frequencies of CI, CAl and CA2 and heart rate. Plots in 
the top graph show time when heart beats occurred and heart rate at every beat, which was cal- 
culated as the reciprocal of each preceding interbeat interval. The impulse frequencies were 
measured from the number of impulses in every 0.5 sec. 


1sec 


Fic. 6. A: Spontaneous cardiac inhibition induced during a period of increase in impulse frequency 
of the cardio-inhibitory axon (upper and lower traces, respectively ECG and DCN activity). The 
records are continuous (interruption between the two records, 2 sec). B: The reciprocal acti- 
vities of Cl and CA correlated with the shadow induced cardiac inhibition (top traces, ECG; 
middle traces, DCN activity; bottom traces, light intensity showing reduction with downward 
deflection). 1, a continuous record showing cardiac inhibition and CI bursting. 2, cardiac 


inhibition correlated with suppression of impulse generation in the cardio-accelerator nerve. 
Inhibitory impulses were not recorded. 
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and inhibitor impulses and the heart rate are 
shown in Figure 5. Spontaneous firing rate of 
CA2 was always lower than that of CAI in the 
five experiments in which we could compare 
firing rates among three cardio-regulator axons. 
The spontaneous firing rate of CAI was con- 
siderably higher than that of the inhibitor axon, 
except for periods of CI bursting. In either 
spontaneous or induced cardiac inhibition (re- 
spectively in Figs. 2A, 5 and 6A or Fig. 6B), 
CI bursting always appeared coupled with 
complete depression or decrease in frequency of 
impulses of the two cardio-accelerator axons. 
Figure 6A is an example showing relation of 
spontaneous DCN activity (lower trace) to ECG 
(upper trace). A burst discharge of one impulse 
component induced cardiac arrest. Meanwhile, 
the discharges of two other components were 
suppressed during the period of the cardiac arrest. 
Figure 6B shows that cardiac arrest induced in 
the shadow reflex was mediated by the recipro- 
cal action between the cardio-inhibitor and the 
two cardio-accelerator axons. This reciprocity, 
increase in frequency of CI impulses (in Bl) and 
decrease in frequency of CA1l and CA2 impulses 


A 
1 


(in B2), was noticeable during cardiac inhibition 
induced by shadow stimulation. 

In order to identify the neural pathway carrying 
the cardiac shadow-reflex, we examined the 
influence on the reflex of cutting the eye-stalks 
(Fig. 7A). In Al, when both eye-stalks were 
intact, cardiac arrest was induced by shadow 
stimulation. In A2, when one eye-stalk (right in 
this case) was removed and the other was intact, 
the inhibitory effect was little altered and evident 
cardiac arrest was induced again. In A3, when 
both eye-stalks were removed, the shadow sti- 
mulation had no inhibitory effect at all. These 
results indicate that the sensory input of the 
shadow was transmitted through the optic tract, 
probably only through this route, to the heart. 

Figure 7B shows the effect of severing DCN, 
on cardiac arrest in the shadow reflex. The 
record in BI was obtained from a normal prepa- 
ration in which the pair of DCNs was intact. 
Records in B2 and B3 were obtained from prepa- 
rations in which either one DCN or the pair of 
DCNs was severed. In B2, although the inhibitory 
effect was greatly reduced, the cardiac inhibition 
was perceptible, but in B3 it was imperceptible. 


B 
1 


Ee 
1sec 


,% —————— 


lsec 


Fic. 7. A: Effects of eye-stalk removal, in an intact preparation (1), in a one eye-stalk preparation 


(2) and in a preparation lacking both eye-stalks (3). 
light intensity. B: Effects of DCN cutting. 


Upper traces, ECGs; lower traces, 
ECGs obtained from preparations which were 


intact (1), with one DCN cut (2) and with a pair of DCNs cut (3). The shadow stimulations 


were applied at triangles. 
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We concluded that there was no path other than 
the DCNs, through which the inhibitory influence 
for cardiac arrest could be mediated in the shadow 
reflex. 

Cardiac inhibition was also induced by tactile 
stimulation at various sites on the body. In 
Figure 8, Al, A2, and A3 were obtained when 
tactile stimulation was applied to the scapho- 
gnathite, the 4th pereiopod, and the abdomen, 
respectively. In all cases cardiac arrest was clear. 
Tactile-input to various regions on the body has 
been reported to induce cardiac arrest in other 
decapods, e.g., in Procambarus [22] and in Carcinus 
[16]. 

We examined alteration of activity, in some 
other neurons, which was associated with the 
appearance of cardiac arrest (Fig. 8B). Records 
Bl and B2 were obtained from the efferent and 
the afferent nerves respectively, in the meropodite 
of the 4th pereiopod. Before this experiment was 
carried out, identification of the efferent and the 
afferent nerves had been performed. Efferent 
activity was recorded from proximal cut stumps 
and afferent activity from distal cut stumps. 
When afferent activity was recorded, the efferent 
nerve was left intact. Efferent nerve discharge 
increased phasically during a spontaneous cardiac 


arrest (Fig. 8 Bl). Activity of the afferent nerve 
was also increased by shadow stimulation 
(Fig. 8 B2). Record B3 shows efferent activity 
of a nerve which originated from the Sth abdominal 
ganglion and innervated the intestine. Discharge 
of some kinds of impulses increased in correlation 
with cardiac arrest in the shadow reflex. We 
observed that activities of certain nerves, of every 
abdominal ganglion studied, altered in correlation 
with the cardiac arrest in the shadow reflex. 

It has been proposed that central control can 
inhibit both branchial and cardiac pumps, 
simultaneously [25, see also 26 and 27]. A 
sensory influence is exerted on the central nervous 
system by the scaphognathites and it modifies the 
motor output to them [28]. The cessation of 
respiratory ventilation has been described in the 
shadow reflex [16]. Therefore, one may think 
that the cardiac arrest would be not a primary 
response but a secondary or subsequent response 
preceded by activation of some receptor such as 
the proprioceptors. We performed experiments 
designed to avoid a subsequent influence of such 
reflexes in regions other than the heart, using 
preparations made as follows; in all cases, all 
pairs of pereiopods from the Ist to the 3rd were 
removed. The ventral nerve cord was cut 


4 sec 
A: Effects on ECG of tactile stimulation applied (at arrows) to the scaphognathite (1), the 4th 


Fic. 8. 
pereiopod (2) and a site in the abdomen (3). 
traces) and ECGs (lower traces). 


pereiopod. 3; the intestinal nerve. 


A ~ Bsec | 


B: Simultaneous records of activities of nerves (upper 
1 and 2; respectively, the efferent and afferent nerves of the 4th 
Shadow stimulations were applied at triangles. 
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A 20sec 


Fic. 9. Effects on the ECG of cutting the ventral 
nerve cord between the thoracic and the Ist 
abdominal ganglion (1), removing a pair of the 
scaphognathites (2) and a pair of the gills (3). 
Each triangle shows onset of the shadow 
stimulation. 


between the thoracic and the first abdominal 
ganglia (Fig. 9.1). The bilateral scaphognathites 
were removed (Fig. 9.2). The bilateral gills were 
removed from the preparation in 2 (Fig. 9.3). 
In spite of these operations, evident cardiac 
arrest, due to the shadow stimulation, was still 
observed. These results may suggest that the 
shadow-induced cardiac inhibition contained, at 
least, a primary reflexive response mediated by a 
descending neural pathway from the compound- 
eyes. 


Effects of the shadow stimulation on the hearts in 
some other decapods 


We studied the cardiac reflex in some other 
decapods, from various habitats. Figure 10 
shows some examples in preparations made from 
specimens belonging to several marine decapod 
species. Records 1, 2,3 and 4 are ECGs of the 


2 sec 


Fic. 10. Effects of shadow stimulation on ECG in 
marine decapods, the hermit crab (Dardanus 
crassimanus) (1), the lobster (Panulirus japonicus) 
(2) and marine crabs, (Plagusia dentipes) (3) and 
(Portunus trituberculate) (4). Triangles show onset 
of the shadow stimulation. Interruptions be- 
tween two records in 2 and 4, respectively, 14 sec 
and 6 sec. 


hermit crab (Dardanus crassimanus), the lobster 
and the crabs (Plagusia 
dentipes and Portunus trituberculate), respectively. 
In almost all animals (n=5 in Panulirus and n>8 
animals in three other species), evident cardiac 


(Panulirus japonicus), 


inhibition appeared with shadow stimulation, 
including other marine decapods (Arcania 
heptacantha, Naxioides hystrix and _ Dorippe 
dorsipes, not illustrated). However, in the 


terrestrial hermit crabs (Coenobita cavipes and 
C. rugosus, 10 animals for each), shadow stimu- 
lation did not produce inhibitory effects on cardiac 
activity at all. In the crabs (Helice 
Sesarma dehaani, S. haematocheir and Ocypoda 
cordimana), which seem to be capable of with- 
standing long of dry 
cardiac inhibition was rarely caused by shadow 
stimulation. For example, Helice tridens, a crab 
which usually lives on shore, did not possess a 


tridens, 


intervals environment, 
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shadow-induced cardiac inhibition, at least in 11 
of 14 animals employed. The others showed 
only a slight elongation in the first interval of 
heart beat just after the shadow stimulation (not 
illustrated). In the two species of Sesarma, 
cardiac inhibition was caused by a shading stimulus 
in which the light was interrupted by a moving 
object. These results may indicate that the 
terrestrial decapods tend to lack cardiac inhibition 
by shadow stimulation, which is a common 
phenomenon among the marine (littoral) decapods. 
However, even in the terrestrial species a cardiac 
arrest was induced by tactile stimulation to 
certain sites on the body, as well as in the marine 
(littoral) species. That was shown also for a 
fresh water decapod (Procambarus clarkii) by 
Field and Larimer [22], when the tactile stimulation 
was applied to the coxal hair. Although it has 
been shown that crabs (Cancer) in or on a gravel 
substrate have a much lower sensitivity of the 
heart rate to external stimuli than do crabs in 
tanks without gravel [15], it is likely that there is 
generally among decapods a neural cardio- 
inhibitory mechanism activated by tactile stimu- 
lation. 

Aniculus aniculus apparently has only a marine 
habitat. The shadow response appeared in both 
aquatic and aerial conditions in an experimental 
chamber. Therefore the inhibitory cardiac reflex 
to shadow stimuli may be due to more than a 
temporary adaptation to an actual environment; 
that is, it could be a neuroethological adaptation. 


DISCUSSION 


Relationship among the cardiac nerves 


The axonal composition of the dorsal cardiac 
nerve in Aniculus aniculus, containing one pair 
of cardio-inhibitor axons and two pairs of cardio- 
accelerator axons, was as the same in some other 
decapods [reviewed in 3], although the composition 
of the nerve is different in the crayfish [22]. 

Field and Larimer [29] ascertained that three 
types of interneurons in the circumoesophageal 
commissure of the crayfish affect the activity of 
the heart; that is, they are strong inhibitors, weak 
inhibitors and accelerators. Wilkens et al. [30] 


also reported such inhibitory and acceleratory 
interneurons in the crab ganglion. We may 
postulate, in the hermit crab, an interneuronal 
system which transmits excitatory impulses to one 
cardio-inhibitor neuron and inhibitory impulses 
to two cardio-accelerator neurons in the cardiac 
inhibitory reflex [see 28]. Furthermore the rela- 
tion of spontaneous activities between functionally 
homologous neurons, CAl and CA2 [cf. 10], in 
which the former was dominant to the latter, 
may suggest that separate neural pathways lead 
to them. 

The decapod heart beats with an intrinsically 
arranged pacemaker system, so reflexive cardiac 
inhibition should be elicited at first by activa- 
tion of the extrinsic inhibitor axons. Since the 
accelerator nerves send impulses tonically to the 
heart, the reciprocal relationship between the 
inhibitor and the accelerator nerves at the time of 
cardiac inhibition may make the cardiac inhibition 
more effective. A reciprocity between the inhibi- 
tory and acceleratory nerves has been described 
for the crayfish [22]. The reciprocal relationship 
between activities of the inhibitor and the two 
accelerator axons (Figs. 5 and 6), suggests that 
there is mutual inhibition in the central nervous 
system between inhibitory and acceleratory neural 
systems. This is similar to the reciprocal relation- 
ship found in a mollusc, Aplysia californica [31]. 


Cardiac inhibition in the shadow reflex 


We have demonstrated that the processes 
mentioned below were included in the shadow- 
induced cardiac reflex: inhibition of the heart. 
1) The sensory-inputs, shadowing signals were 
received by the compound eyes. 2) The sensory 
influence descended to the thoracic ganglion. 
3) The cardio-inhibitor neurons were activated 
by the sensory influence, and the cardio-ac- 
celerator neurons were suppressed at the same 
time. In a reflexive body withdrawal into a shell 
during response to shadow stimulation, an animal 
possibly also receives tactile stimulation resulting 
in cardiac inhibition. Cuadras [21] showed that 
in the hermit crab activation of joint receptors 
by imposed cheliped extension causes cardiac 
inhibition. Therefore, we may suppose that the 
subsequent cardiac inhibitory responses might 
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take part in the total shadow-reflex. 

It has been reported by Chapple [32] that there 
was an increase in internal pressure in the abdomen 
during lifting of the shell and during walking in 
correspondence with the flexion movement of 
the abdomen. Therefore it may be supposed 
that an intense increase in the internal pressure 
in the abdomen is induced by the flexion movement 
which occurs at the withdrawal reflex. Actually, 
Cuadras [21] showed that in the hermit crab 
inhibitory cardiac responses are elicited in beha- 
vioral patterns, when animals move to enter a 
shell or to escape. Yazawa and Kuwasawa [10] 
found that there were acceleratory branches 
extending toward the periphery away from the 
trunks of the cardiac ganglion. They also found 
a direct influence of the acceleratory branches on 
the ostial valves by recording EJPs [33]. We have 
here demonstrated that the accelerator nerve was 
tonically active and that the activity was suppressed 
in the shadow reflex. These results suggest 
that the ostial valves maintain some tonic tension 
in a normal state and relax during the cardiac 
inhibitory reflex. Relaxation of the ostial valves 
might be pursued to introduce haemolymph 
from the pericardium to the heart in the shadow 
reflex. 


The cardiac inhibition of marine decapods in the 
shadow reflex 


We noticed a tendency to a gradation of heart 
responses to shadow stimulation among the 
marine, semiterrestrial and terrestrial species that 
we used. This was as follows. In marine (littoral) 
decapods, cardiac inhibition was readily induced. 
In semiterrestrial decapods the inhibition was not 
often induced. In terrestrial decapods, the inhibi- 
tion was not induced. 

In spite of belonging to the same family, decapod 
cardiac behavior in the shadow reflex differed 
according to their habitats. For example, in 
Plagusia (Fig. 10.3) and Helice, the former clearly 
showed shadow-induced cardiac inhibition but the 
latter showed it very rarely and weakly. Therefore 
it may be supposed that neural functions, which 
induce cardiac inhibition in the shadow reflex are 
possibly due to the adaptation of littoral species to 
their normal habitats. In fact, there are inter- 


specific variations of both heart and scaphognathite 
rates in the responses to O, level of sea water in 
relation to normal habitats of littoral or sublittoral 
crabs [14]. The difference of cardiac response in 
the shadow refiex may be due to an adaptation in 
neural function, from marine species to terrestrial 
species [cf. 34]. 

The shadow reaction, which has long been 
known in many invertebrates [35], may be related 
to protecting the animals from predators [36]. 
Behavioral analysis from the viewpoint of the 
sensory physiology of receptors for sound or 
electricity, in any marine predators (such as 
fishes) may be necessary. Such analysis may 
reveal whether the response in marine species, 
functions to conceal the 
predators or not. 


living animal from 
Probably the scaphognathites 
are also inhibited by common inhibitory neurons 
[see 26 and 27]. McMahon and Wilkens [25] 
suggested that arguments conceiving importance 
of the response, of simultaneous apnoea and 
bradycardia, apply to the lobster when the animal 
is relatively vulnerable in the immediate postmolt 
condition. 
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Pattern of Adrenergic Innervation to Scale Erythrophores 
of the Swordtail, Xiphophorus helleri 


Seiyt MIYATA and Kosi YAMADA 


Zoological Institute, Faculty of Science, Hiroshima University, 
Hiroshima 730, Japan 


ABSTRACT — The pattern of innervation to erythrophores and melanophores in reddish scales of the 
swordtail, Xiphophorus helleri (neon’ and ‘tuxedo’ strains), was determined using *H-norepinephrine 
(H-NE) by light microscopic autoradiography. When isolated scales of ‘neon’ fish were incubated 
in *H-NE, autoradiograms revealed that dense plexuses of varicose fibers labeled with *H-NE 
enclosed the dendrites and cell bodies of melanophores, but no exact plexus that corresponds to 
erythrophores could be observed. In ‘tuxedo’ scales, in which only erythrophores exist, a fairly dense 
varicose plexus was seen to enclose each erythrophore. These labeled fibers were never observed in 
scales incubated in the presence of excess cold NE or in denervated ones. Potassium ions induced a 
marked decrease in the labeling of varicose fibers in addition to the aggregation of pigment granules 
within both chromatophores. These findings suggest that the observed labeled fibers are adrenergic 
nerves which control the pigment-aggregation response of chromatophores and further that erythro- 
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phores and melanophores of the present fish receive the same adrenergic innervation. 


INTRODUCTION 


Physiological color change of poikilothermal 
vertebrates is known to be brought about through 
migration of pigment granules within chromato- 
phores in the dermis of animals [cf. 1, 2]. Among 
chromatophores of teleosts, erythrophores and 
xanthophores contain pteridines and carotenoids 
as the fundamental pigments and are capable of 
translocating the pigment in response to various 
stimuli [3-6]. 

Electric stimuli to the spinal cord induce aggre- 
gation of pigment granules within erythrophores of 
the squirrel fish, Holocentrus [7] and xanthophores 
of the medaka, Oryzias [8]. K* also causes aggre- 
gation of pigment granules within these chromato- 
phores [7-9]. K* is known to stimulate the 
terminals of melanophore nerves to release the 
adrenergic transmitter, which in turn causes 
aggregation of melanosomes within melanophores 
of isolated scales and fins of many teleosts through 
mediation of alpha adrenergic receptors [10—16]. 
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Exogenous catecholamines, such as epinephrine 
and norepinephrine, cause aggregation of pigment 
granules within both erythrophores and xantho- 
phores in vitro [6, 8]. Furthermore, Ba** is well 
known to act on melanophore nerves and thus to 
produce pulsatory movements of melanosomes 
within melanophores [17-20]. Recently, Iwata 
et al. [21] have shown that pulsation of pigment 
granules within scale xanthophores of the medaka 
induced by Ba** occurs synchronously with that 
of melanosomes within melanophores of the same 
scale. Smith and Smith [22] observed in the 
scorpion fish, Scorpaena, that Ba** also produces 
pulsatory movements of pigment granules within 
erythrophores. The findings thus far obtained 
suggest that the migratory movements of pigment 
granules within erythrophores and xanthophores 
of teleosts are under the control of adrenergic 
nerves as are the case with melanophores. 

In a previous study [16], we demonstrated the 
distribution pattern of nerve fibers in scales of the 
medaka using tritiated norepinephrine by light 
microscopic autoradiography, in which it was 
revealed that the nerve fibers can take up exogenous 
norepinephrine and that they themselves are the 
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adrenergic fibers which control the melanosome- 
aggregation response of melanophores. At pre- 
sent, however, few studies have been made on the 
neural control of fish erythrophores at the tissue 
level. In the present experiment, the distribution 
of adrenergic nerve fibers to erythrophores and 
melanophores was determined autoradiographi- 
cally with tritiated norepinephrine in scales of 
the swordtail, Xiphophorus helleri, and further, 
the functional relationship of the nerves to re- 
sponses of chromatophores was also elucidated. 


MATERIALS AND METHODS 


Scale erythrophores from female specimens of 
the. swordtail, Xiphophorus helleri (neon’ and 
‘tuxedo’ strains; body length, 5 to 6cm), were 
used. Animals were purchased from a commercial 
source and were kept in our laboratory. Scales 
used were isolated exclusively from the red- 
colored areas of the animals, e.g., postero-dorsal 
part of ‘neon’ fish and antero-dorsal region of 
‘tuxedo’ fish (Fig. 1). Experiments were con- 
ducted on both innervated (freshly isolated) and 
denervated scales. Denervated scales were ob- 
tained after keeping the freshly isolated scales in 
physiological saline (128 mM NaCl, 2.5mM KCl, 
1.8 mM CaCl, pH 7.3 with 5.0 mM Tris-HCl) for 
more than 15 hr at room temperature (23.0°C). 
Denervation was ascertained by the lack of pig- 
ment-aggregation response of chromatophores to 
K* or electric stimuli [8, 15]. 

Levo-(ring-2, 5, 6--H)-norepinephrine (H-NE, 
specific activity 52.9 Ci/mmol) was purchased from 
New England Nuclear Corporation (Boston). For 
pigment aggregating agents, 5 uM of norepineph- 
rine hydrochloride (NE; Sigma Chemical Co., St. 
Louis) and isotonic (133 mM) KCI were employed. 

The method employed in preparing autoradio- 
gram was a modification of that described elsewhere 
[16], in which scales were incubated with 0.38 uM 
°H-NE for 30 min, fixed with a mixture of 4% 
potassium bichromate and acetic acid for 30 min 
and then post-fixed by 2°%% osmium tetroxide in 
4%, potassium bichromate for 2 days. After 
fixation, the scales were rinsed with deionized 
water and mounted on slides coated with gelatin. 
Mounted slides were dipped in liquid nuclear 


emulsion (Sakura NR-M2) and placed in a dark 
cold for 7 days. Films were developed, fixed and 
then washed in tap water. They were dehydrated 
with graded alcohols, cleared with xylene and cover 
glasses were mounted. The post-fixation with 
osmium was profitable for observing erythrophores 
because, without engagement of the chemical, the 
pigment involved in the cells was dissolved during 
the courses of film development and dehydration 
and the loci of the cells could not be determined. 
For microscopic observations and photography, a 
dark-field epi-illumination microscope (Olympus, 
BHT-NEL) was used. 


RESULTS 


Preliminarily, response of erythrophores to K* 
was examined in freshly isolated scales. Figure 2 
shows the pigmentary state of chromatophores in 
physiological saline and that in isotonic KCl. 
The swordtail of ‘neon’ strain has two types of 
chromatophores, erythrophores and melanophores, 
in scales of the red-colored area (Fig. 2a and b). 
By contrast, in reddish scales of ‘tuxedo’ fish, only 
one type of chromatophores, erythrophores, was 
observed (Fig. 2c and d). During 10-min immer- 
sion in isotonic KCl, aggregation of pigment 
granules within both erythrophores and melano- 
phores was brought about (Fig. 2b and d), although 
the rate of pigment aggregation within erythro- 
phores was observed to be significantly low. 
Norepinephrine at 5 4M also caused aggregation 
of pigment within both types of chromatophores. 
There was no significant difference between two 
fish strains in the responses of erythrophores to 
these pigment-aggregating agents. 

When freshly isolated scales were incubated with 
37H-NE, autoradiographs taken through a dark- 
field illumination revealed that varicose fibers 
labeled with *>H-NE were distributed forming fine 
networks in the scales (Fig. 3a and c). Through 
bright-field illumination, dense networks of labeled 
fibers were seen to form radial plexuses around 
aggregated melanophores in ‘neon’ scales, although 
only a few fibers could be seen to be distributed 
around aggregated erythrophores (Fig. 3b). In 
‘tuxedo’ scales, comparatively dense plexus of the 
labeled fibers enclosed each aggregated erythro- 
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Fic. 1. Photographs of the swordtail, Xiphophorus helleri, of ‘neon’ (a) and ‘tuxedo’ (b) strains 
showing red-colored areas (arrows) from where scales were removed for the experiments. 
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Fic. 2. Microphotographs showing the pigmentary states of chromatophores in reddish scales of 
‘neon’ (upper row) and ‘tuxedo’ (lower row) sw ordtail. Left column, pigment-dispersed state 
in physiological saline. Right column, pigment-aggregated state in isotonic KCl. In the 
‘neon’ scales, both erythrophores (E) and melanophores (M) are seen, while only erythrophores 


exist in the ‘tuxedo’ scales. Scale bar, 50 ym. 
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Fic. 3. 
The labeling corresponding to >H-NE can be seen as white tint through dark-field illumination (left 


column) and as black tint through bright-field illumination (right column). 


Autoradiographs of isolated scales of the swordtail incubated with >H-norepinephrine @H-NE). 


In the scale of ‘neon’ 


fish (a and b), the varicose fibers constitute local network around aggregated melanophores (M). 
No exact plexus which corresponds to erythrophores (E) is present, but a few fibers which interconnect 


with melanophores are seen to run along each erythrophore. 


In the ‘tuxedo’ scale (c and d), a con- 


siderable number of varicose fibers build up radial plexus around each aggregated erythrophore. 


Scale bar, 50 um. 


phore (Fig. 3d). 

Autoradiographs of denervated scales of both 
strains of fish incubated with *>H-NE showed no 
labeling (Fig. 4). Disappearance of the labeling 
was also seen in both fish scales which had been 
incubated with *H-NE in the presence of an excess 


amount of cold NE (0.1 mM). 

In separate experiments, scales which had been 
washed and kept in physiological saline after 30- 
min incubation with *H-NE were treated with 
isotonic KCl. While rinsing with the saline for 
15 min, both erythrophores and melanophores 
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Fic. 4. Autoradiographs of a denervated scale of ‘neon’ fish incubated with >H-NE (upper row) and 
a freshly isolated ‘tuxedo’ scale incubated in the presence of unlabeled 0.1 mM norepinephrine 


(lower row), respectively, showing absence of specific labeling. 


attained a fully pigment-dispersed state (Fig. 5). 
Autoradiograms of the scales revealed that the 
plexus labeled with °H-NE was localized to the 
area corresponding to dendritic processes and cell 
bodies of melanophores of ‘neon’ scales and those 
of erythrophores of ‘tuxedo’ scales. However, 
again, no exact plexus which corresponds to 
erythrophores of the former scales could be 
observed. Subsequent administration of isotonic 
KCI caused a marked reduction in labeling of 
varicose fibers, which was accompanied by a full 


aggregation of pigment granules within both 
chromatophores (Fig. 6). 
DISCUSSION 


A number of studies have been made on the 
fine structure of nerve-chromatophore junctions in 
scales and fins of teleosts [9, 23-28]. However, 


Scale bar, 50 um. 


little is known about the spectrum of the distribu- 
tion pattern of chromatic nerves over the tissues. 
About a century ago, Ballowitz [29] demonstrated 
the pattern of innervation to scale melanophores 
of several fish species using a silver impregnation 
technique. Later, Falck et a/. [30] in studying the 
rainbow trout, Salmo gairdneri, by a catecholamine 
fluorescence histochemical method, observed that 
the dermal melanophores were intimately enclosed 
by a plexus of varicose nerve fibers. Recently, we 
observed a pattern of adrenergic innervation to 
chromatophores in isolated scales of the medaka 
by autoradiography with “H-NE, making use of the 
property of adrenergic neurons to take up cate- 
cholamines [16]. There, we demonstrated that 
thick nerve bundles branched out to constitute fine 
networks around the corresponding melanophores 
and that the labeled 


fibers 


amine released from these 


was capable of causing aggregation of 
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State. 


corresponds with that of melanophore (M). 
(E) is markedly low. 


melanosomes within melanophores. However, 
no direct connection of the nerve fibers with 
xanthophores could be observed, because of the 
disappearance of cells by dissolution of their 
yellow pigment during the preparation procedure. 
In the present experiments, the use of osmium 
tetroxide as the post-fixative in autoradiographic 


Autoradiographs of scales which were washed and kept in physiological saline for 15 min 
subsequent to incubation with 7H-NE, in which chromatophores are in a fully pigment-dispersed 


In the ‘neon’ scale (upper row), localization of the plexus labeled with *H-NE clearly 
The density of labeled fibers along erythrophore 
In the ‘tuxedo’ scale (lower row), the labeling is seen to be confined to the 
area corresponding to the dendritic processes of erythrophores. 


Scale bar, 50 um. 


procedures enabled us to determine the loci of 
erythrophores and also to reveal the morphological 
and physiological relationships of innervation to 
the chromatophore. 

Autoradiograms of scales of ‘neon’ fish revealed 
that plexuses of fibers labeled with *>H-NE enclosed 
the dendritic processes and cell bodies of melano- 
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almost complete absence of specific labeling. 
scale. Scale bar, 50 um. 


phores. However, no such plexus that corre- 
sponds to erythrophores in the scales was observed, 
but a few fibers, which interconnect the plexuses to 
those corresponding individual melanophores, 
were seen to pass along each erythrophore. On 
the other hand, in ‘tuxedo’ scales, without the 
presence of melanophores, a considerable number 
of labeled fibers were observed to form a radial 
plexus around each erythrophore. The distribu- 
tion pattern of the labeled fibers to melanophores 
in ‘neon’ scales was much the same as that observed 
in scales of the medaka [16]. In scales which had 
been incubated with *H-NE in the presence of an 
excess amount of cold NE, no such labeling could 
be detected. Disappearance of the labeling was 
also observed in scales that had previously been 
denervated. These findings suggest that the 
labeled fibers observed in the present autoradio- 
grams are nerves of an adrenergic nature and that 


Upper row, a ‘neon’ scale. 


Autoradiographs of scales treated with isotonic KCI for 10 min, after 15-min washing in 
physiological saline subsequent to incubation with *>H-NE. Note a marked reduction and an 


Lower row, a ‘tuxedo’ 


they do take up norepinephrine. 

In the present experiment, when scales were 
rinsed with physiological saline subsequent to the 
incubation with *H-NE, during which erythro- 
phores and melanophores attained a _ pigment- 
dispersed state, the following administration of 
isotonic KCI caused a marked decrease in the 
labeling of varicose fibers in the autoradiograms 
in addition to aggregation of pigment granules 
within both chromatophores. This indicates that 
*“H-NE taken up into the nerve fibers in the scales 
was released through stimulation by K* and 
caused aggregation of pigment within the chro- 
matophores as suggested in scale melanophores of 
the medaka [16]. Thus, the findings lead to a 
conclusion that the observed labeled fibers them- 
selves are the adrenergic nerves that control the 
erythrophores 


pigment-aggregation response of 


and furthermore that erythrophores and melano- 
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phores of ‘neon’ fish probably receive the same 
adrenergic innervation. 

The rate of pigment aggregation within erythro- 
phores of the present species in response to isotonic 
KCI was considerably slower when compared with 
that of melanophores. Castrucci [9] observed a 
similar phenomenon in scale erythrophores and 
melanophores of Tilapia melanopleura. She also 
demonstrated electron-microscopically the presence 
of synaptic junctions in melanophores and erythro- 
phores, but did not refer to the relation between the 
difference in the time course of pigment-aggrega- 
tion response among these chromatophores and 
that in the number of synaptic junctions in them. 
In tail-fins of the guppy, Lebistes reticulatus, Fujii 
and Taguchi [26] observed numerous presynaptic 
nervous elements over the surface of melano- 
phores. In contrast to this, Takeuchi [28] could 
find only a few synaptic junctions in erythrophores 
of the same fish, suggesting that erythrophores 
have an innervation different from that of melano- 
phores. Based on the observations on Fundulus 
melanophores, Fujii and Novales [13] have sug- 
gested that some nerve fibers form actual nerve 
endings on melanophores, whereas many of them 
only pass close to the melanophores, releasing 
neurotransmitter along their length to control a 
number of melanophores. This will probably be 
true for the case of the present erythrophores. 
From the foregoing findings, it may be inferred 
with the present data that the slower rate in 
pigment-aggregation response of the erythrophore 
to that of the melanophore may be attributable to 
a lack in the net amount of neurotransmitter to be 
released, which is due to the sparser distribution of 
nerve fibers around each erythrophore or to that 
of synaptic junctions on it, although the latter was 
not examined here. Notwithstanding this view, 
the rate of aggregation response of erythrophores 
in the ‘tuxedo’ scales to isotonic KCl was observed 
to be also considerably low, but they received 
comparatively dense innervation. Furthermore, 
exogenous norepinephrine caused a similar slow 
aggregation of pigment within erythrophores of 
both fish scales. This is more likely that the 
erythrophore differs from the melanophore either 
in sensitivity to neurotransmitter or in the pigment- 
aggregating mechanisms per se. To ascertain such 


differences in response and in pattern of innervation 
between the melanophore and the other bright- 
colored chromatophores (i.e., erythrophore, 
xanthophore and leucophore) thus observed in 
the present fish and suggested in the other fish 
species [16, 28], further investigations are now 
being undertaken. 
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Adaptation of a Common Freshwater Goby, Yoshinobori, 
Rhinogobius brunneus Temminck et Schlegel to Various 
Backgrounds Including Those Containing Different 
Sizes of Black and White Checkerboard Squares 


Tomio NAITOH, AKIHIKO MORIKAWA 
and YOHKO OMURA 


Department of Biology, Shimane University, Nishikawatsu, Matsue 690, Japan 


ABSTRACT — In addition to the ability to adapt to monotone backgrounds of different shades, the 
striped-type (speckled-type) goby, Rhinogobius brunneus, changed its integumentary patterns in 


response to different sizes of black and white checkerboard squares. 


When two scales, one from a 


pale- and one from a dark-stripe region, were transposed, melanophores in these scales recovered 
their activity and their reactions changed to fit the coloration of the places where they were newly 
situated. This indicates that the color change in the fish, varied patterning and de-patterning, is 


neurally controlled by the brain. 


INTRODUCTION 


Many fishes are able to change their integumen- 
tary colorations in a physiological manner to 
match patterned environments. The angelfish 
[1], goby [2] and flathead [3] are examples, as are 
the well-known flatfishes [4-14]. As previously 
reported [2, 3, 7, 11-14], such color change basi- 
cally depends on the differential activities of the 
chromatophores situated in different places of the 
skin, though morphological factors of differential 
chromatic states may also play an important part 
in accentuating or weakening the skin pattern. 

In a preceding paper [2], Naitoh reported that 
the melanophores on the body surface were re- 
sponsible for the appearance and disappearance of 
the stripes in the striped-type (speckled-type) goby, 
Rhinogobius brunneus. In an attempt to under- 
stand the color change in the fish more precisely, 
the present study is first concerned with melano- 
phore reactions to artificial backgrounds contain- 
ing different sizes of black and white checkerboard 
squares. Secondly, melanophore activity in two 
scales transposed between a pale- and a dark- 
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stripe region will be observed. In _flatfishes, 
pharmacological examinations [7] and a spinal 
section [13] were used to study the manner of color 
change. However, the autografting of melano- 
phores by transposition of the scales seems to 
provide more conclusive results than either of 
the above methods. It appears that there have 
been no previous reports on the activity of auto- 
grafted chromatophores as related to physiological 
color change in fish. 


MATERIALS AND METHODS 


Specimens of the striped-type (speckled-type) 
[15] common freshwater goby, yoshinobori, 
Rhinogobius brunneus Temminck et Schlegel were 
obtained from the Tenjin River in Kurayoshi and 
from three stony streams in the Shimane Peninsula. 
Females ranging between 4.5 and 6.0 cm in length 
were used. Studies were done exclusively with 
specimens which had 8 scales, numbered antero- 
posteriorly from the 2nd to the 9th, in the dorsal 
region between the 2nd dorsal fin and caudal fin. 

First, studies on the relationship between the 
integumentary pattern and the size of the back- 
ground figures were attempted. For this purpose, 
6 to 15 fish were kept individually in vessels on 
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which homogeneous tones of black, white, inter- 
mediate-gray or a given size of black and white 
checkerboard patterns were drawn. Areas of the 
figures were 0.01, 0.1 to 0.2, 0.5, 1.0, 2.0 and 3.0 cm 
squares. Vessels were made by removing a 40° 
fan-shaped part from a photographic paper disk 
with a radius of 13 cm. 

Next, the effect of autografting melanophore was 
studied by transposing the 4th and 6th scales. 
The 4th scale was situated in a dark-stripe region 
and the 6th was in a pale-stripe region [2]. Mela- 
nophores were embedded in the dermis. The 
operation was performed with a pair of fine forceps 
under a binocular dissecting microscope after the 
fish was placed in water of about 5°C for several 
minutes to suppress movement. For 25 to 27 
days after the operation, during which time the 
healing of the wound and the recovery of melano- 
phore activity were completed, the fish was kept in 
a white shallow pan covered with a white, black, 
or dark-gray cloth or a black net of 3.3mm 
squares. In this series of experiments, 3 to 7 
specimens were used for each background. 

Fish were allowed to adapt to a given back- 
ground for 3 hr or 12 hr, then were sacrificed as 
quickly as possible by immersing them in boiling 
water for 30 to 60 sec. Then, the 8 scales de- 
scribed above were isolated, mounted in glycerin 
and observed under a microscope to determine 
the melanophore index [16] of each melanophore 
in the scales. 

During the period of adaptation, fish were 
illuminated from 1m above by a 100 w tungsten 
lamp or both a 100 w tungsten lamp and a 20 w 
fluorescent lamp. Aerated water continually 
flowed through the vessel. The temperature of the 
water ranged between 18 and 23°C. 


RESULTS 


Intact fish assumed a pale, intermediate-dark 
and completely dark shade of skin on the solid 
white, gray and black backgrounds, respectively, a 
patterned skin with dark stripes or grainy patches 
on the checkerboard figures, and also stripes on 
the black net background. The place where the 
dark stripes or patches were produced was inher- 
ently arranged. Color adaptations occurred rap- 


idly irrespective of the type of backgrounds or 
illumination, though fish were exposed for either 
3 or 12 hr. 


Adaptation to a background of checkerboard 
squares 


Dark and pale alternating stripes were produced 
in fish exposed to 0.5 or 1.0 cm squares (Fig. 1A). 
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Fic. 1. Patterns exhibited by the same fish of 
Rhinogobius brunneus in response to different 
background patterns. A: 1.0cm checkerboard 
squares. B: 0.13cm checkerboard squares. 
The dark stripes in A are broken up into dark 
patches in B. 


In many specimens, the 1.0 cm squares seemed to 
be most effective for producing the clearest stripes. 
This patterning was analogous to those fish on 
the 3.3 mm black net background. Melanophores 
were mostly dispersed in the dark-stripe regions 
where the 3rd, 4th, Sth, 8th and 9th scales were 
usually situated, while aggregated in the pale- 
stripe regions were the rest of the scales, the 2nd, 
6th and 7th. When a fish was transferred from a 
background of 0.5 cm squares to the smaller figures 
of 0.1 to 0.2cm squares, the dark stripes were 
broken up into dark patches with a grainy appear- 
ance where melanophores dispersed in groups 
(Fig. 1B). A few small groups of slightly dis- 
persed melanophores were microscopically ob- 
served in the pale-stripe regions. But, in most 
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cases, the dark patches were unnoticeable in 
macroscopic observations because the melano- 
phores were more concentrated on the average, in 
pale-stripe regions than in dark ones. The size 
of dispersed melanophore groups in 0.2cm 
squares was larger than in 0.1 cm squares. On 
the background of 0.01 cm squares, fish attained 
an intermediate and homogeneous shade of skin 
similar to the fish on the solid gray background. 
The fish on the 2.0 or 3.0cm squares revealed 
varied responses of nearly homogeneous shades of 
pale, intermediate or dark skin, or striped patterns 
according to where the fish chose to remain, i.e., 
on a black or white square. 


Melanophore activity in the transposed scales 


In the transposed scales, the blood stream was 
considerably re-established 5 days after the opera- 
tion and completed in 9 days. In comparison with 
the recovery of the blood stream, recovery of 
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melanophore activity was a little slow. About 
one-half of the melanophores exhibited some 
reaction to the different backgrounds 7 days after 
the transposition. By 14 days, most of the 
melanophores reacted normally to the _ back- 
grounds, with an occasional melanophore showing 
a slow reaction. By 20 days, there was no dis- 
cernible difference between the melanophore 
activities of intact scales and transposed scales. 

After the complete recovery of melanophore 
activity, the coloration of the fish was the same as 
that of intact fish, irrespective of the backgrounds. 
Microscopical observation revealed that the 
melanophores in both the 4th and 6th scales, 
whose positions had been transposed, changed 
their reactions to conform to their new locations 
in the skin (Fig. 2). In five specimens, transposed 
scales were re-transposed to their original positions 
25 days after the first operation, and the melano- 
phore activity was examined 25 days to 30 days 
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Fic. 2. Examples of melanophore reactions in scales situated in the dorsal region between the second 


dorsal fin and caudal fin of Rhinogobius brunneus. 
Dark rectangles in each scale indicate the percentage ratio of the 


the antero-posterior direction. 


melanophores of respective indexes to all melanophores in the scale. 
the small letters of the abscissa in the 2nd scale, and is omitted in the rest of the scales. 
homogeneous dark-gray background. C and D: 3.3mm black net background. 
intact fish are shown, and in B and D, the 4th and 6th scales are transposed. 
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reactions change to match their new location after transposition of the scales. 
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after the second operation. The re-autografted 
melanophores again changed their reactions to 
match their original positions. 


DISCUSSION 


In the striped-type (speckled-type) Rhinogobius 
brunneus, regional differences in physiological 
reactions of the melanophores conceal or empha- 
size the regional differences in density and size of 
melanophores, and the melanosome quantity 
within them [2]. Therefore, the fish assume 
uniformly pale, dark or intermediate colorations 
on the white, black or gray backgrounds and 
patterned skin on the patterned background. 
Accordingly, melanophores in the 2nd, 6th and 7th 
scales are more dispersed in Figure 2A and less 
dispersed in Figure 2C than those in the rest of 
the scales. 

When the 4th and 6th scales which were situated 
in a dark-stripe region and a pale-stripe region, 
respectively, in intact fish were transposed, both 
melanophore activity and the blood stream re- 
covered with time. However, the former was 
slower than the latter, suggesting that the recovery 
of melanophore activity is caused by the reinner- 
vation of the melanophores. After the complete 
recovery of melanophore activity, melanophore 
reaction to the backgrounds changed as is shown 
in Figure 2B and D; that is, autografted melano- 
phores reacted according to their present situation, 
not where they had been. This result conclusively 
indicates that the differential activities of melano- 
phores responsible for the patterning and de- 
patterning are not due to either the characteristics 
of the end-organs or to humoral factors, but to 
the differential neural stimuli. Bauer and Demski 
[17] demonstrated the specific regions of the brain 
where electrical stimulation induced banding in 
green sunfish and bluegills. On the other hand, 
it is also known that the pencil fish can change the 
color pattern in 15 to 30 min through mediation 
of melatonin when illuminated conditions suddenly 
change to darkness [18]. These reports suggest 
the possibility that pattern formation in fish is 
affected not only by neural regulation but by 
hormonal mediation. By means of autografting, 
however, we satisfactorily concluded that regionally 


different kinds of neural messages from the brain 
primarily cause the differential reactions of melano- 
phores in the present fish. 

Rhinogobius brunneus changed coloration in 
respose to the patterned backgrounds with squares 
of different sizes as well as to monotone back- 
grounds of black, white and gray. Therefore, 
color change in this fish is seemingly analogous to 
that of flatfishes [4,5]. Mast [5] stated that 
background adaptation in fiounders was the result 
of stimuli received through one eye which were 
modified by stimuli received through the other eye. 
Diverse results, i.e. homogeneously pale, dark, 
intermediate-dark skin or striped skin, from fish 
exposed to backgrounds containing squares larger 
than 2.0 cm suggest that how the respective black 
and white figures of the background are projected 
on the retina of both eyes determines the appear- 
ance of the body surface. 

Ballowitz [19] and Yamada et al. [20] observed 
dense networks of nerve fibers around the chro- 
matophores. From a functional stand point, 
nerve-melanophore systems form motor units 
though overlapping occurs between them [21, 22]. 
It is likely that the brain sends different kinds of 
neural messages to the different groups of integu- 
mentary melanophores through respective motor 
units, inducing the differential reactions of melano- 
phores in groups. Varied colorations of the fish 
may depend on the size of groups of motor units 
which share the same reactions. In flounders, 
Osborn [23] distinguished between general re- 
sponse and spot response, each of which was under 
the control of a separate set of nerves, and Burton 
[11, 12] postulated that the melanophores in three 
components of the skin, i.e. the dark band, the 
iridophore spot and the general background, were 
under respective neuro-effector systems. 
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ABSTRACT — The activity of a-L-fucosidase was much higher than any other sperm glycosidases in 
Ciona intestinalis, where the terminal fucose residues of sperm receptors in the vitelline coat (VC) are 
known to play a key role in the sperm binding to the VC. On the other hand, §-D-N-acetylglucosa- 
minidase was the highest in another ascidian, Phallusia mammillata, where D-N-acetylglucosamine 
has been suggested as the terminal sugar essential for the sperm binding. The optimal pH of Ciona 
a-L-fucosidase in situ was 3.9 and the activity in normal sea water was only 2% or less of the maximum. 

The binding of spermatozoa to the VC was remarkably inhibited by the synthetic substrates, p- 
nitrophenyl a-L-fucoside and 4-methylumbelliferyl a-L-fucoside, and the competitive inhibitor of 
the enzyme, p-nitrophenyl §-L-fucoside, at millimolar concentrations. L-Fucose inhibited the 
binding only when the concentration was above 25 mM. Neither D-fucose nor p-nitrophenyl §-D- 
fucoside nor any other p-nitrophenyl glycosides were inhibitory at the concentrations thus far tested. 
The spermatozoa bound to the VC in normal sea water (pH 8.2) detached at 20°C within 7 min of 
decreasing the pH to a value close to the optimum for the enzyme activity. At 0°C, however, the 
binding was maintained even after the pH was decreased. 

We suggest that the enzyme-substrate complexes formed between the a-L-fucosidase molecules 
at sperm surface and the sperm receptors in the VC are stable enough at the pH of normal sea water 
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to allow the spermatozoa to bind to the VC. 


INTRODUCTION 


Specific binding of spermatozoa to the vitelline 
coat (VC) (or its equivalent such as zona pellucida 
in the mammals) is an obligatory step for ferti- 
lization in most animals. Binding depends upon 
the association between a glycoprotein(s) (sperm 
receptor) at the surface of VC and a comple- 
mentary carbohydrate-binding protein(s) (VC- 
binding protein) at the sperm surface (for a 
review see [3]). Bindin, a lectin-like protein 
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exposed as a result of the acrosome reaction, has 
been suggested as a VC-binding protein in the 
sea urchins and the oyster [4-6]. It is known, 
however, that only acrosome-unreacted sper- 
matozoa can bind to the VC in some animals 
like the mouse and the ascidian, Ciona intestinalis 
[7, 8]. In these spermatozoa the putative VC- 
binding sites should be located at the surface of 
the unreacted spermatozoa. 

In a number of marine invertebrates, includ- 
ing ascidians, glycosidase activities have been 
detected in the unreacted spermatozoa (Hoshi, 
unpublished observations). This has led us to 
think that in these animals glycosidases might be 
involved in sperm binding to the glycoprotein 
receptors of the VC. In the specific case of 
Ciona intestinalis there is evidence that the terminal 
L-fucose residue of a VC glycoprotein(s) plays a 
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key role in sperm binding [8-11]. 

The experiments described in this paper are 
compatible with the hypothesis that the a-L- 
fucosidase at the surface of the spermatozoa of 
this animal serves as binding protein of the 
spermatozoa to the VC. 


MATERIALS AND METHODS 


Animals and gametes Gametes of Ciona 
intestinalis from the Gulf of Naples were collected 
by a previously described method [12]. The eggs 
were glycerinated and used for the binding assay 
as described previously [8, 12]. The spermatozoa 
were assayed for the binding to the VC of the 
glycerinated eggs and for the enzyme activities. 
The spermatozoa of Phallusia mammillata were 
collected in a similar manner and assayed for 
glycosidase activities. 

Sperm glycosidase assay in situ The 
glycosidase activities of the whole sperm were 
fluorometrically assayed by using 4-methyl- 
umbelliferyl glycosides (4-MU _ glycosides) as 
substrates [13]. The substrates (Sigma Chemical 
Co. and Koch-Light Laboratories) were dissolved 
in dimethyl sulfoxide and made up to 25 mM. 
For the standard assay, 2.5 1 of a substrate 
solution was diluted with 500 vl of 50 mM sodium 
acetate buffer, pH 3.9, in millipore-filtered sea 
water (MFSW) and preincubated at 25°C for 
Smin. The reaction was started by adding 
10 wl of a sperm suspension (2.0 x 10° cells/ml) 
to the incubation mixture. After the incubation 
at 25°C for 20 min, the reaction was terminated by 
adding 3ml of 0.2M sodium glycine buffer, 
pH 10.4. The mixture was centrifuged at 
2,000 rpm for 5 min and the liberated 4-methy]l- 
umbelliferone was determined with excitation at 
365 nm and emission at 445 nm using a Turner 
#430 spectrofluorometer. MFSW was added 
instead of sperm suspension for a blank assay and 
boiled sperm was used as a control. 

Sperm binding assay In binding tests 1 x 10° 
spermatozoa were preincubated for 10min at 
room temperature in 901 of MFSW in the 
presence or absence of a saccharide. After the 
addition of ca. 200 glycerinated eggs in a volume 
of 10 wl, the mixture was incubated for another 


10min. The cells were fixed by adding 100 yl 
of 2% glutaraldehyde in MFSW and the number 
of free spermatozoa was scored under a microscope 
as reported [11]. 

In some experiments, the spermatozoa were 
allowed to bind to the VC in normal sea water 
as mentioned above and then the pH of the 
mixture was gradually decreased to 5 or 4 with 
HCl. The aliquots of the mixture were fixed at 
various time intervals and scored for the binding. 

Chemicals Other than the exceptions noted, 
all chemicals were purchased from Sigma and used 
without further purification. 


RESULTS 


Activities of sperm glycosidases 

The whole sperm of Ciona and Phallusia hy- 
drolyzed various 4-MU glycosides as shown in 
Table 1. None of them were hydrolyzed by the 
boiled sperm. The activity of a-L-fucosidase was 
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The reaction mixture comprising 2.5 ul of 25 mM 
4MU a-L-fucoside in dimethyl sulfoxide and 
500 vl of 50mM buffer solution in MFSW was 
preincubated at 25°C for 5min. Sodium acetate 
buffer for the pH range of 3.6 to 6 and Tris-HCl 
buffer for the pHs over 7.5 were used. The re- 
action was started by adding 10 vl of MFSW 
containing 210° spermatozoa and terminated 
after 20 min incubation at 25°C by adding 3 ml 
of 0.2 M sodium glycine buffer, pH 10.4. After 
centrifugation at 2,000 rpm for 5 min, the liberated 
4-methylumbelliferone was determined by spectro- 
fluorometry with excitation at 365 nm and emission 
at 445nm. Enzyme activity is expressed by an 
arbitrary unit. 
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TABLE 1. Glycosidase activities in the ascidian spermatozoa 
Glycosidase Ciona intestinalis Phallusia mammillata 
PH 3.9 pH 8.2 pH 3.9 

a-L-Fucosidase 100.0 2.0 9.0 
§-L-Fucosidase N.D N.D. N.D. 
8-D-Fucosidase 0.3 0.3 N.D. 
a-L-Arabinosidase N.D. 0.2 2.0 
a-D-Glucosidase 2.0 0.1 2.0 
8-D-Glucosidase 0.3 0.1 1.0 
a-D-Galactosidase 0.2 0.1 1.0 
8-D-Galactosidase 0.5 0.1 6.0 
8-D-N-Acetylglucosaminidase 4.4 0.5 100.0 
8-D-N-Acetylgalactosaminidase 8.2 0.4 32.0 


4-MU Glycosides were used as the substrates. 
centage of the highest one at pH 3.9 in each species. 


the conditions used. 


TABLE 2. 
in Ciona intestinalis 


Activities are expressed as the per- 
N.D., Not detectable under 


Inhibition of sperm binding to the vitelline coat by fucose and fucosides 


Addition °% Sperm Bound 
Saccharide Concentration Exp. | Exp. 2 Exp. 3 

(mM) 

None — 40 42 45 

L-Fucose 50.0 17 — — 

25.0 36 — —_ 

D-Fucose 50.0 43 — — 

p-NP-a-L-Fucoside 29 12 22 — 

1.3 33 — 31 

p-NP-§-L-Fucoside ti 14 25 — 

1.3 31 — 29 

p-NP-§-D-Fucoside 2.5 44 — — 

4-MU-a-L-Fucoside 1.0 27 30 — 


No appreciable inhibition of binding was observed with any of the following p-NP- 


glycosides at 2.5mM; 
galactosides, 


much higher than any other glycosidases in 
Ciona where L-fucose is suggested to be a ligand 
for sperm binding [8-11], while $-D-N-acetyl- 
glucosaminidase was the highest in Phallusia 
where D-N-acetylglucosamine seems to play an 
important role probably in the binding [14]. 
p-Nitrophenyl glycosides (p-NP glycosides) were 
also favorable substrates for sperm glycosidases. 
More than 97% of a-L-fucosidase activity in 
Ciona sperm was found in the spermatozoa after 
three cycles of washing with sea water. The 


a-L-arabinoside, 
8-D-N-acetylglucosaminide, 


a- and §-D-glucosides, a- and §-D- 
§-D-N-acetylgalactosaminide. 


amount of the released 4-methylumbelliferone 
was proportional to the incubation time up to 
25 min and to the number of the spermatozoa 
in the incubation mixture up to 2.5 * 10’ per tube 
under the standard conditions. The optimum 
pH of the enzyme was 3.9 and the activity in 
normal sea water (pH 8.2) was only 2% or less 
of the maximum (Fig. 1). The apparent Km for 
a-L-fucosidase in situ was 54.0 uM toward 4-MU 
a-L-fucoside. No detectable change of the activity 
was observed after one month storage of the 
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sperm at —20°C. The enzyme was quantitatively 
solubilized from the frozen sperm by sonication 
or by extraction with Triton X—100. 
Inhibition of sperm binding by fucosides 

Sperm binding to the VC of glycerinated eggs 
was remarkably inhibited by aryl L-fucosides, re- 
gardless of aglycone group or anomeric form, in 
all the batches of sperm thus far tested. Table 2 
summarizes the results of three typical experiments. 
Free L-fucose inhibited the binding only when the 
concentrations were above 25 mM, while the aryl 
L-fucosides were inhibitory at 2.5mM _ or less. 
In some experiments, p-NP L-fucosides, both a- 
and §-anomers, inhibited binding appreciably 
at a concentration as low as 125 uM. Neither 
D-fucose nor p-NP §-D-fucoside nor p-NP 
derivatives of any other sugars were inhibitory 
to the binding at the concentrations thus far tested. 
Detachment of the bound sperm at low pHs 

All of the spermatozoa bound .to the VC in 
normal sea water detached within 7 min of de- 
creasing the pH of the mixture to 5 or 4 at 20°C. 
At O°C, however, no significant change was 
observed in the number of spermatozoa bound to 
the VC even after the pH was decreased. 


DISCUSSION 


Four conclusions have emerged from the data 
presented here: (i) the spermatozoa of the 
ascidians, Ciona and Phallusia, show a species- 
specific profile of glycosidase activities; (ii) the 
most potent glycosidase in the spermatozoa is 
well correlated with the sugar residue suggested as 
a ligand for sperm binding to the VC, namely 
a-L-fucosidase and L-fucose in Ciona and {-D-N- 
acetylglucosaminidase and D-N-acetylglucosamine 
in Phallusia; (iii) sperm binding to the VC is 
remarkably inhibited by L-fucosides regardless of 
aglycone group or anomeric form in Ciona; 
(iv) in Ciona, the spermatozoa bound to the VC 
detach within several minutes at 20°C, but not at 
0°C, if the pH is decreased to a value close to the 
optimum for a-L-fucosidase. p-NP £-L-Fucoside 
is a potent competitive inhibitor of a-L-fucosidase 
purified from the Ciona spermatozoa (Hoshi, in 
preparation). Thus sperm binding is inhibited 
by both the synthetic substrates and the competitive 


inhibitor of the enzyme. 

The observations described in this paper support 
our working hypothesis that sperm a-L-fucosidase 
is a VC-binding protein in Ciona intestinalis. 
It is suggested that a-L-fucosidase molecule at 
the sperm surface binds to the sperm receptor by 
forming an enzyme-substrate complex. The 
complex may be rather stable in the normal sea 
water, because the physicochemical conditions are 
not favorable for hydrolysis. The spermatozoa 
may firmly bind to the vitelline coat by forming 
many of such complexes. It has been reported 
in mammalian fibroblasts that cell surface a- 
mannosidase is a mediator of cell to cell binding 
[15]. 

A similar mechanism involving an enzyme, 
galactosyltransferase, has recently been suggested 
for sperm binding to the zona pellucida in the 
mouse [16]. Thus binding of spermatozoa to 
the VC may be mediated by at least two mecha- 
nisms; i) a lectin-glycoprotein interaction in the 
sea urchin [6], and ii) an enzyme-substrate 
interaction in the mouse [16] and in the ascidians 
as reported here. 
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Rapid Production of a Histocompatible Colony of 
Xenopus laevis by Gynogenetic Procedure 
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ABSTRACT — Gynogenetic diploid individuals were produced in the frog Xenopus laevis, by means 
of a brief refrigeration of eggs inseminated by UV-irradiated sperm. Starting with a wild female, 
this procedure was repeated for 4 generations, and the immunogenetic relationship among siblings of 
each generation was tested by reciprocal skin grafting and mixed lymphocyte reaction (MLR). AII 
skin grafts exchanged among control, nongynogenetic sibling frogs were rejected within 30 days. In 
contrast, the survival times of the skin grafts exchanged among siblings of gynogens F, and their 
progeny F, were highly variable, either in acute (<30 days) or chronic (30-120 days) terms, including 
a long-term survival for over 120 days. MLR analyses of gynogenetic F, siblings also proved that 
the loci which control the acute skin graft rejection and the MLR are closely linked with each other, 
together with a high incidence of crossing-over between these loci and the centromere. A gynogenetic 
F, frog which showed an acute response against intrasibling grafts was selected as a putative homo- 
zygote of major histocompatibility complex (MHC), to produce the gynogenetic F;. All F, 
responded in chronic fashion to intrasibling skin grafts, and exhibited negative MLR in intrasibling 
tests. In addition, all gynogenetic F, frogs derived from a randomly selected F; mother tolerated 
sibling skin grafts for more than 100 days. These results indicate that an immunogenetically 
defined, fairly pure colony of Xenopus laevis can be obtained in 4 gynogenetic generations, provided 
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that the MHC-homozygote is appropriately selected. 


INTRODUCTION 


In eutherian mammals and birds, alloimmune 
responses are controlled by a cluster of many genes 
called the major histocompatibility complex 
(MHC). Evidence has indicated the existence of 
homologous genetic system also in the anuran 
amphibian Xenopus laevis. Thus, although the 
internal organization of the proposed MHC is still 
unknown, the in vitro reactivity to allogeneic 
lymphocytes (MLR), skin graft rejection and some 
red blood cell antigens have been shown to be 
coexpressed in siblings among these laboratory 
animals [1]. More recent studies have demon- 
strated the enhancement of cell-mediated lympholy- 
sis by previous skin grafting or lymphocyte 
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injection [2], and the stimulation of MLR by skin 
grafting [3]. Analyses of the genetic bases underly- 
ing these alloimmune responses obviously require 
several inbred or congenic strains of frog. To 
date there are two large colonies of histocompatible 
Xenopus that can fulfill these requirement, i.e., 
isogenic individuals originally derived from a 
hybrid cross between X. /aevis and X. gilli [4] and 
the partially inbred J (formerly called G) group [5]. 

The gynogenetic procedure uniquely applicable 
to amphibians theoretically provides a valuable 
means of obtaining a histocompatible colony, 
because the allelic diversity at any given gene loci 
may be efficiently reduced [6, 7]. 
previous intrasibling skin grafting analyses of the 
gynogenetic F, progeny of larval Rana pipiens [8] 
and larval and adult Xenopus laevis [9] have 
indicated that the graft survival times are extremely 
variable; this is apparently due to the disparity 


However, 
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of both MHC and multiple minor H genes. Asan 
extension of our previous study [9], we repeated the 
gynogenetic procedure to determine to what extent 
this procedure is effective in obtaining homozygous 
individuals. In this paper we report that a 
highly histocompatible colony can be established 
in the fourth generation of gynogenetic offspring. 


MATERIALS AND METHODS 


Animal 


The material used was the South African clawed 
frog, Xenopus laevis Daudin. The frogs referred 
to as the “J group” (previously called the “G 
group’’) share histocompatibility gene(s) as defined 
by an absence of allograft rejection between indi- 
viduals [5]. The “HD group” frogs are not 
genetically defined, but are only known to be 
genetically different from the J group [10]. 
Mating was induced by injecting human chorionic 
gonadotropin (Gonatropin; Teikoku Zoki, Tokyo) 
into the dorsal lymph sac of mature males and 
females. Developmental stages were determined 
according to Normal Tabie of Nieuwkoop and 
Faber [11]. Larvae and frogs were reared in an 
aquaria at 23+1°C. Larvae were fed boiled 
alfalfa leaf powder or mashed green peas, and the 
metamorphosed animals were fed chopped liver 
or a commercial fish meal (Oriental Yeast Ind., 
Tokyo), three to six times a week. 


Production of gynogenetic diploid 


Gynogenetic diploid frogs were obtained accord- 
ing to the method described by Kawahara [12]. 
To summarize this method briefly, eggs were first 
inseminated by UV-irradiated sperm; and 12 to 15 
min after insemination, the eggs were subjected toa 
cold shock for 15 min at 2°C. All the control eggs 
that were inseminated by UV-irradiated sperm but 
not refrigerated exhibited a haploid syndrome and 
ceased development at stage 44. A female from 
the HD group was used for the production of the 
first progeny of gynogens. Similarly, a female 
from the gynogenetic F, between 18 to 24 months 
old was randomly selected for the production of 
gynogenetic F, progeny. A _ putative MHC- 
homozygous F, female between 18 to 24 months 


old was selected as described in the results for 
producing gynogenetic F; progeny, from which 
the F, progeny was produced by the repetition of 
the gynogenetic procedure. Thus, all Fi—-F, 
gynogens to be described in the present study were 
derived from one HD group female. The per- 
centage of males in the gynogenetic family was 
less than 10% for F,. In the F,, F; and F, 
families, however, all gynogens were female. 


Skin grafting 


several pairs of gynogenetic sibling frogs at 
6-13 months old were randomly selected, and their 
dorsal skins (1-2 mm/’ size) were grafted recipro- 
cally. Along with this series, a control group was 
run in which pairs of outbred F, siblings from the 
gynogen-producing mother exchanged skin grafts 
with each other. In addition, both gynogenetic 
and nongynogenetic F, individuals received a skin 
graft from J group frogs. The fate of the grafted 
skin was observed periodically under a stereo- 
microscope. The major criterion of graft rejection 
was the death of all the melanophores of the 
grafted skin. 


Mixed lymphocyte reaction (MLR) 


One-way MLR was performed according to the 
procedure described by Weiss and Du Pasquier 
[13], with slight modifications. The medium 
consisted of Leibovitz L-15, tridistilled water, 
0.1 M bicarbonate solution, and a heat-inactivated 
fetal calf serum (FCS) at a ratio of 69: 20: 10: 1, 
supplemented with 100 IU/ml potassium penicillin 
G and 100yg/ml streptomycin sulfate. The 
spleen was squashed, and the freed ceils were 
collected by filtrating them through a nylon mesh. 
The cell suspensions thus obtained, referred to 
hereafter as the “lymphocyte suspension’, con- 
sisted mostly of lymphocytes and erythrocytes in 
approximately the same number, with a small 
fraction of other leucocytes. The cell viability 
was about 98 °%% as determined by the Trypan Blue 
dye-exclusion test. An aliquot of lymphocyte 
suspension was irradiated by 7-ray (°°Co; 11,000 
rad), to be used as a stimulator in the one-way 
MLR. One hundred pl each of a stimulator 
(irradiated) and responder lymphocyte suspensions 
were mixed, so that 2 x 10° cells in 200 1 medium 
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were cultured at 28°C in the multititer plate (U- 
bottom, Coster). At least triplicate cultures 
were run, and incubation was maintained in a 
humidified atmosphere with addition of 5% CQ). 
Control cultures consisted of a co-culture of 
stimulator and responder lymphocytes derived 
from the same individuals. On the third day, 
cultures were pulsed for 24 hr with 1 wCi tritiated 
thymidine (SA = 2 Ci/mmol; New England 
Nuclear, Boston, Mass.), harvested onto glass fiber 
filters (Filter paper; Bellco Glass, Inc.), washed 
with phosphate buffered saline, and fixed by 
methanol. Liquid scintillation counting was per- 
formed in a PPO/POPOP-toluene solution. The 
actual uptake of the label in most cultures was 
between 1,000 and 10,000 cpm. The stimulation 
index (SI) was determined by dividing the cpm of 
the test culture by that of the control culture. 


RESULTS 


Responses to skin grafts among gynogenetic siblings 


When 30 gynogenetic and 20 nongynogenetic F, 
frogs were grafted with skins from J group frogs, 
all the frogs rejected them within 19-23 days. 
These survival times are comparable with those 
previously described for allografts [10, 14, 15] so 
that the persistence of grafts over 30 days will 
hereafter be referred to as a chronic rejection. 

Table 1 records the actual survival times of the 
skin grafts reciprocally exchanged between siblings 
of two groups, a nongynogenetic group of 10 
pairs and a gynogenetic group of 15 pairs. As 
may be seen in the table, all nongynogenetic F, 
frogs (control) rejected their sibling skins acutely 
or subacutely (within 21-27 days). In contrast, 
many grafts exchanged between gynogenetic 
siblings were rejected chronically (46.7°%%), with a 
significant number (20.0°%) of them being tolerated 
for over 80 days. These long surviving grafts, 
however, often showed signs of rejection during 
the early post-grafting period of up to 30 days, 
without succeeding intermittent cessation of blood 
circulation. In these grafts, the progressive 
destruction of graft pigment cells was uneven; 
viz., a certain area of the grafts retained its normal 
features for up to 50 days, whereas the other area 


had been attacked earlier. Apparently these 
features mimic the reaction that occurs against 
the graft which shares the strong histocompatibility 
(H) antigens but not weak H antigens. 

Another observation noted in Table 1 is that 
amongst gynogens there was a wide variety of the 
survival times of reciprocal grafts with respect to 
each sibling pair. The responses observed between 
each pair of sibling partners were categorized into 
three types: viz., I=acute-acute, where both 
reciprocal grafts are rejected acutely or subacutely 
(<30 days), e.g., pairs no. 1-4; II1=chronic- 
chronic, where both grafts are rejected chronically 
(> 30 days) or tolerated, e.g., pairs no. 5-9; II= 
acute-chronic, where one partner rejects a graft 
acutely, while the other rejects it chronically or 
even tolerates it, e.g., pairs no. 10-15. The 
distribution of these three types of response among 
gynogenetic F, siblings was in a ratio of 4: 5: 6. 

The gynogenetic F, progeny was produced from 
a randomly selected gynogenetic F,; female. The 
skin grafts were reciprocally exchanged between 
46 pairs of gynogenetic F, siblings. The fate of 
these intrasibling grafts summarized in Table 2 was 
essentially same as that of gynogenetic F,: 41.3% 
(38/92) of grafts were rejected acutely or subacutely, 
and the ratio of type I, II and III responses was 
7 kat Ns tenes 2 

The occurrence of three types of response 
against intrasibling grafts is explained in terms of 
one strong H locus per haploid set of genome, 
together with a relatively high frequency of recom- 
bination at the locus concerned, as Asher [7] and 
Obara et al. [9] have previously noted. According 
to this assumption, the F, female used to produce 
gynogenetic F, may have been heterozygous with 
respect to the strong H locus, e.g., a/b. In this 
context, the acute responders among type I and III 
responses in Tables 1 and 2 must be homozygous 
at a strong H locus (a/a or b/b). This was ascer- 
tained in the following way: the acute responders 
from typeI or III response were selected from 
among gynogenetic F, siblings, and the grafts were 
exchanged among these putative homozygotes. 
The results summarized in Table 3 reveal that a 
clearly accelerated secondary type of response was 
seen in 4 pairs (pairs no. 1-4), indicating that these 
pairs comprise a/a and b/b or vice versa. In 
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TABLE 1. Survival times in days of skin grafts reciprocally exchanged between randomly 
selected pairs of nongynogenetic (control) and gynogenetic F, sibling frogs 


TEETER anal 


Nongynogenetic F, Gynogenetic F, 

Pair no. Sur Teese Pair no. es Type 
1 21, 26 1 DD 25 I 
2 227 2 23s 26 I 
3 2222 3 Do (229 I 
4 Wi, US 4 29, 29 I 
5 py, Pf 5 44, 83 II 
6 2323 6 45, 50 II 
7 23, 24 7 47, >140 II 
8 23, 26 8 47, >140 II 
9 24, 27 9 64, 120 II 

10 26, 26 10 26; 125 Ill 
11 26, 138 Hil 
12 21 URaG Il 
13 28, 54 Ul 
14 28, 70 il 
15 29, 73 Ill 


Types I, II and III designate the response to each reciprocal graft: I=acute-acute; 
II=chronic-chronic; I!I=acute-chronic. 


TABLE 2. Survival times in days of skin grafts reciprocally exchanged between 
randomly selected pairs of gynogenetic F, sibling frogs 


Type No. of pairs Survival times (days) 

I 7 16, "19; 7 we llide LS 265 18, 28; 
19, 19; IOs Qs 2026: 

II 1S 30, SO? 40, 50; 40, >81; 44,>81; 
47, 63; 49, 63; 49, 67; 55-4 863% 
So, 2? Sp, we 56, > 60; > 60, > 60; 
62, >81; > 63, > 63; >81, >81. 

Il 24 16, >81; Wh = BES Ws S828 eS 3o- 
7, Swe IB» B52 che S52 18, 4 
18, >60; 18, >60; 18, >60; eee )722 
19, >81; 19, >81; 19, >81; 20, > 60; 
AY, Sig 20, >81; 26, 49; 26, 63% 
26, > 63; 26, > 63; 27, >81; 28, 49. 


Types I, II and UI designate the response to each reciprocal graft: I=acute-acute; 
I1=chronic-chronic; III=acute-chronic. 


contrast, the pairs no. 5-7 did not show a typical 6/b. The subacute (20-30 days) responses seen in 
second-set response, suggesting that each pair these animals indicate that a disparity of weak H 
comprises combinations of either a/a-a/a or b/b- antigens had an accelerating effect. 
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TABLE 3. Survival times in days of skin grafts 
reciprocally exchanged between gynogenetic 
F, siblings which were presumed to be 
strong H locus homozygotes on the basis of 
an acute response to intrasibling skin grafts 


Pair no. Survival times (days) 


10, 13 
P2512 
13, 13 
iyo hie 
20, 23 
21, 30 
255 29 


JA Uh WW WN 


Based on the above deduction, a putative strong 
H locus homozygote was selected from a gyno- 
genetic F, as a mother for the gynogenetic F; 
progeny. This frog was selected from among the 
animals who had rejected skin grafts most acutely 
(<20 days). The pattern of responses in gyno- 
genetic F; against intrasibling skin grafts was 
striking in that none of the 21 grafts was rejected 
acutely (Table 4). In addition, the actual survival 
times of grafts in F; were significantly longer than 
those amongst the gynogenetic F, and F, (cf., 


TABLE 4. Survival times in days of skin grafts 
reciprocally exchanged between gynogenetic 
F,; sibling frogs whose mother was a 
putative strong H locus homozygote 


Pair no. Survival times (days) 
12 sO: 
pg 43, 
3 58, > 136 
4 63, > 136 
5 70, >120 
6 83, 125 
7 83, > 136 
8 83, > 136 
9° Seal kOe 
10 | hae Aaa od [| 
11 162, >183 
ip? 163, >183 


* One of the partner was dead or lost before 
termination of experiment. 


Tables 1 and 2). Thus, 13 out of 21 skins (62%) 
were still surviving even on the 100th day after the 
grafting, although 4 of them were rejected 125, 152, 
162 and 163 days after the grafting. It is clear 
that all individuals in the gynogenetic F; progeny 
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Fic. 1. Percentages of surviving skin grafts exchanged among siblings of gynogenetic 
F,-F, frogs, as a function of days after grafting. Control F, indicates 


nongynogenetic F, sibling frogs who shared a mother with gynogenetic F, frogs. 
Numbers in parentheses indicate the number of individuals tested. 
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shared to a marked degree not only strong H 
antigens, but also weak H antigens. 

The gynogenetic F, individuals produced from 
the above F; were similarly tested for their re- 
sponses against intrasibling skin grafts. All 34 
grafts survived beyond 100 days, with only 3 
showing a sign of rejection on the 100th day. 
This lack of allograft response is comparable with 
that observed repeatedly in the J group individuals, 
so that the gynogenetic F, siblings may be regarded 
as a fairly histocompatible colony. In Figure 1 
we summarize the percentages of surviving intra- 
sibling grafts observed in gynogenetic F,—F, 
families. It is clear that a sharp decline of the 
surviving grafts in gynogenetic F, and F, is as- 
cribable to the response to strong H antigens, and 
that the repetition of the gynogenetic procedure for 
4 generations is nearly sufficient to eliminate the 
disparity of ““weak’’ H antigens. 


Mixed lymphocyte reactions 


Preliminary tests for one-way MLR employing 
J and HD group individuals proved that, coin- 
cident with the skin graft responses in these 
animals, there is consistently a positive response 
between J and HD group individuals (SI=5.37+ 
2.83 in HD to J, and 4.62+1.55 in J to HD) and 
no response between individuals of the J group 
(SI=1.09+0.40). 

The one-way MLR was performed between 
randomly selected individuals of gynogenetic F, 
siblings. Representative examples of the results 
employing 4 individuals as summarized in Table 5 
reveal that, similar to the pattern of skin graft 


responses, there were three types of response, viz., 
type I, positive-positive (e.g., individuals C and D); 
type II, negative-negative (e.g., individuals A and 
B) and type III, positive-negative (e.g., individuals 
A and D, or B and C). If we assume the occur- 
rence of one MLR locus per haploid set of genome 
as in the case of the skin graft responses, the MLR 
genotypes of the 4 individuals in Table 5 may well 
be assigned as follows: a/a (b/b) for C, b/b (a/a) 
for D, a/b for A and B. Results from 4 series of 
experiments indicated that the presumed three 
MLR genotypes (a/a: b/b: a/b) in the gynogenetic 
F, family was distributed in a ratio of 4: 4: 6. 

The one-way MLRs were performed between 
gynogenetic F, siblings whose strong H gene(s) 
were regarded as homozygous on the basis of skin 
graft rejection analyses. The results from 6 indi- 
viduals (data not shown) revealed that all the 
reciprocal responses were of either typeI or II, 
indicating that the strong H and MLR loci are 


TABLE 5. Stimulation indices in one-way MLR 
among 4 individuals (A-D) from the gyno- 
genetic F, siblings 


Stimulator 
B C D 
Responder 
A (1.00) 0.91 1.03 1.25 
B 1.06 (1.00) 1.51 0.92 
C 3.22 4.95 (1.00) 3.50 
D 5.07 5.07 5.57 (1.00) 


Stimulation indices above 3.22 and below 1.51 
were eStimated positive or negative on the 
basis of the Student’s t-test (p=0.05). 


TABLE 6. Stimulation indices in one-way MLR among 6 individuals (A-F) of 


gynogenetic F; siblings 


Stimulator 
A B 
Responder 


A (1.00) 0.79 
B 0.75 (1.00) 
Cc 0.87 0.91 
D 1.18 0.97 
E 1.46 1.17 
B 0.98 1.08 


C D E In 
0.69 0.92 0.02 1.10 
0.73 0.91 all 7/ iets 

(1.00) 0.77 5 0.87 
0.75 (1.00) 1.96 1E55 
1.06 asl 7/ (1.00) 0.71 
1.10 27 1.06 (1.00) 


All stimulation indices were estimated negative on the basis of the Student’s f-test 


(p> 0.05). 
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closely linked with each other. 

Table 6 summarizes the one-way: MLR reac- 
tivities among 6 gynogenetic F; siblings which 
were regarded as sharing a strong H locus as 
defined by their skin graft responses. The table 
shows clearly that in all combinations the responses 
were negative (not significant in Student’s /-test, 
p> 0.05). 


DISCUSSION 


On theoretical grounds, the repetition of the 
gynogenetic procedure for 7 generations is ex- 
pected to yield a mostly homozygous colony of 
animals, when contrasted with normal sibling 
mating that requires 20 generations to obtain 
homozygotes [16,17]. The results presented in 
this study support this prediction by showing that 
the repetition of the gynogenetic procedure for 4 
generations is sufficient to obtain a histocompatible 
colony of Xenopus laevis, provided an appropriate 
selection for strong H genes is made. In com- 
parison with the 8 generations required to obtain 
a highly histocompatible colony by sister-brother 
mating of the fish Oryzias latipes [18], our gyno- 
genetic procedure is evidently a more effective 
means of producing a histocompatible colony. 

In our previous report on the gynogenetic F, 
frogs [9], the occurrence of three types of response 
against intrasibling grafts was explained satis- 
factorily in terms of a single strong H locus per 
haploid set of genome. In this context, our 
gynogenetic F, individuals are regarded as essen- 


TABLE 7. 


tially the same as the F, animals in that they com- 
prise both homozygotes and heterozygotes with 
respect to their strong H gene composition, e.g. 
a/a, b/b and a/b (where a and 6b designate strong H 
gene haplotypes). Presumably the gynogenetic F; 
female randomly selected for producing F, 
progeny was a heterozygote at a strong H locus. 
As we discussed above, the rate of the occurrence 
of type I (acute-acute), II (chronic-chronic) and 
III (acute-chronic) responses will depend primarily 
on the rate of recombination of strong H genes. 
Thus, if we assume that the crossing-over between 
the strong H locus and the centromere of a perti- 
nent chromosome takes place at the rate of r, and 
that the ratio of a/a, b/b and a/b in a given batch of 


gynogenetic offsprings being consequently dor : 


a : r[6, 7], then we can say that the rate of the 


occurrence of type I, II and III responses in the 
Cry reper 


Ay 2 
2r(1—r) (cf. Table 7). The proportion of the three 
types of intrasibling response in our gynogenetic 
F, progeny (Table 2) was actually of the ratio of 
7: 15:24. Thus a simple application to the above 
formula therefore gives rise to a fairly high value of 
44.3% as the frequency of recombination, sug- 
gesting that the strong H locus is of a con- 
siderable distance from the centromere. 

It should be pointed out, however, that the 
actual survival times of the grafts are possibly 
influenced by the cumulative effects by several 
weak H antigens in addition to the strong H 


intrasibling grafts will be 


Possible strong H gene haplotype assignments for gynogenetic siblings and 


the expected types of responses, when grafts are exchanged between randomly 


selected pairs 


l-—r 


Strong H gene ata: l—r 
haplotype: rate ee 
l—r . (i-r)? 
ala 5 II: a as 
_ 1-r . (i-r)? 
b/b: 5 E a ge 
a/b: r Ill: na 


b/b: 5 a/b: r 
_ (i-r)? . rKd—r) 
iF = Ill: a 
. G-r) _ r(l—r) 
Il: a Ill: a 
Ill: Ltt | WE 


Types I, II, and III designate the response to each reciprocal graft: I=acute-acute; 


I=chronic-chronic; II]=acute-chronic. 
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antigen. This view is justified by the observation 
that no chronic responses were found in the 
intrasibling grafts exchanged in our outbred 
control (Table 1), although 25% of the outbred 
progeny were expected to be identical for the 
strong H locus. Thus among the progeny of 
ordinary mating, therefore, the cumulative effect of 
weak H antigens may give rise even to the acute 
type rejection of the grafts. In this respect, the 
gynogenetic procedure is apparently effective in 
harmonizing the weak H loci, since our gynoge- 
netic progeny showed a significant percentage of 
chronic rejection or tolerance of intrasibling skin 
grafts (Tables 1-3). If a number of postulated 
weak H loci are localized randomly on several 
chromosomes, the observed compatibility of weak 
H genes implies the homogeneity of all other 
genes, as well. 

The results of intrasibling MLRs performed 
among gynogenetic F, and F; support the existence 
in this anuran of a single MHC that comprises 
closely linked strong H and MLR loci [1-3, 19]. 
We offer the following evidence. First, all the 
one-way MLKs among putative strong H gene 
homozygotes of gynogenetic F, siblings (a/a and 
b/b) gave rise to either type I (positive-positive) or 
II (negative-negative) response. Second, MLRs 
among the gynogenetic F; individuals exhibiting 
chronic intrasibling graft rejection were all negative 
(Table 6). In comparison with the graft rejection, 
MLR provides a simple means of analyzing MHC 
zygosity, apparently because the response is not 
hampered by the cumulative effects of weak H 
genes. Thus, in the limited number of intrasibling 
MLRs, the rate of typeI, II and III responses 
(Table 5) in our gynogenetic F, (4: 4: 6) again 
provides support for the occurrence of a high 
frequency of recombination (42.3°%%) between the 
MLR locus and the centromere. 

One disadvantage of the gynogenetic system 
derived from our study is that all the descendants 
of the F, gynogens are females, so that we shall 
have to repeat the gynogenetic procedure in order 
to maintain the established colony. Because of 
their good fertility, however, a mating of gyno- 
genetic F; or F, with J males has yielded a large 
population of genetically defined progeny. Em- 
ploying these animals, studies are in progress to 


analyze the immunogenetical relationships between 
skin graft rejection, MLR, the graft versus host 
reaction and some components of the complement 
system. 
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Properties of the uwnc-52 Gene and Its Related Mutations 
in the Nematode Caenorhabditis elegans 
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Kanazawa, Ishikawa 920, Japan 


ABSTRACT — The mutations in the unc-—52 gene show a stage-dependent uncoordinated (Unc) 
phenotype and belong to either severely or mildly paralyzed Unc (Brenner, 1974; Mackenzie et al., 
1978; Zengel and Epstein, 1980; Hosono et a/., 1981). One recessive allele (cn/0) of the unc—52 
gene, belonging to one of the most severely paralyzed group, and its revertants are depicted. Isolated 
as a revertant of the severe type allele, unc—52 (cn10) cnDp1 (f ) produces two types of progeny; parental 
severe-type and recovered mild-type Unc. Genetic evidence is presented showing that the property 
of cnDp1 is brought about by the presence (i.e., mild type) or absence (i.e., severe type) of the free 
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chromosomal fragment containing the unc—52 (cn/10) gene. 


Based on the properties of the strain 


containing cn Dp1 (f ), the role of the unc—52 gene is discussed. 


INTRODUCTION 


The muscle system of the free-living nematode, 
Caenorhabditis elegans, offers an opportunity to 
investigate the organization and intricacies of 
gene regulation in a higher organism, because the 
nematode is quite amenable to genetic manipu- 
lation and has a small number of muscle cells 
whose lineages have been determined [1]. A 
large number of abnormal-mobility mutants have 
been isolated. Among them, the mutations by 
which alterations in sarcomere arrays are brought 
about were assigned to at least 20 genes [2]. 
Structural genes for myosin, actin, paramyosin, 
and tropomyosin have been extensively studied 
[3, 4, and Prasad and Baillie, personal commu- 
nication]. However, little is known about genes 
contributing to the regulation of myogenesis. 
Only two genes, unc—52 [5, 6] and sup—3 [7] appear 
to be involved in the regulation of myosin chain 
synthesis. 

Mutations in the unc-—52 gene cause stage- 
dependent alterations in locomotion; that is, the 
mutants move normally in the early larval stage 
but become immobile at a later stage. The unc—52 
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mutants show a decreased accumulation of myosin 
heavy chains which are coded by structural gene 
unc-—54 on linkage group I, relative to other 
polypeptides during post-embryonic development 
[5, 6, 8]. Based on biochemical analysis, Zengel 
and Epstein [6, 8], speculated that the effects of 
mutation in the unc—52 gene would be trans acting 
on the synthesis of unc—54-coded myosin heavy 
chains. However, evidence concerning the precise 
regulatory mechanism of gene expression during 
development remains to be elucidated. In order 
to study the contribution of the unc—52 gene to 
locomotory movement during development, we 
have attempted to isolate revertants from various 
unc—52-related paralytic mutants, and to investigate 
genetically, the role of the second mutation. We 
describe here the phenotypic and genetic properties 
of such revertants obtained from severely paralyzed 
mutants. 


MATERIALS AND METHODS 


Strains and their maintenance C. elegans 

(Bristol), wild-type N2 and mutant strains, were 

grown at 20°C according to Brenner [9]. The 

following mutant strains were used for this work. 
LGI_—_ dpy-5 (e6/). 


LGIL dpy-J10 (cn64, e128), unc—52 (cn10, e444, 
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su54, su250), lin—7 (e 1413). 


LGIIL dpy—J8 (e364). 
LGIV dpy-9 (el2). 
LGV dpy-1I] (e224). 
LGX = lon—2 (e678). 


The unc—52 mutants, su54 and su250, were 
isolated by Mackenzie et al. [5], and provided 
by the Caenorhabditis Genetics Center (Missouri, 
U.S.A.). Isolated by Brenner [9], e444 was 
obtained from the Medical Research Council C. 
elegans stock collection at Cambridge (England). 
Hosono et al. [10] isolated cnJ0 at Kanazawa 
University (Japan). This paper uses the standard- 
ized C. elegans nomenclature proposed by Horvitz 
et al. [11]. Revertants presented in this work are 
represented as strain names because of the 
incompleteness of genetic analysis. 


Genetic procedures General methods for genetic 
analysis of C. elegans have been described by 
Brenner [9]. 

For uncoordinated mutant isolation, C. elegans 
wild-type N2 were synchronously grown and 
mutagenized at the fourth larval (L4) stage with 
0.05 M ethylmethane sulphonate (EMS). After 
treatment, the animals were transferred separately 
to 100 mm-diameter NGM plates. The next day, 
the parents were removed and allowed to produce 
F, progeny. The F, progeny were inspected 
under a dissecting microscope and Unc mutants 
were selected. From each plate, only one strain 
was kept. Of the numerous Unc mutants isolated 
in this series, only one strain of TN10, unc—52 
(cnJO) is dealt with in this paper. Prior to genetic 
analysis, the strain was cloned three times and 
then back-crossed twice with wild-type animals 
to eliminate extraneous mutations introduced by 
mutagenesis. In order to isolate revertants from 
cnl0, the mutant was mutagenized as described 
above. Since the parent mutant was abnormal 
in locomotion, revertants were scored as animals 
with a recovered phenotype. 

Linkages of mutations were identified by 
measuring the segregation frequency from trans 
heterozygotes with the following genes: dpy-S I, 
dpy-10 Il, dpy-18 Ill, dpy-13 IV, dpy-5 V and 
lon-2 X. The frequency of marker segregation 
should be 1/4 for unlinked markers and much 


less for closely linked markers. 


Chromosomal staining with Giemsa Chromo- 
somes were collected from embryos and stained 
according to the following procedure described 
by Albertson and Thomson [12]. Synchronously 
grown young adult hermaphrodites were collected 
with distilled water and incubated in 1% 
hypochlorite-0.2 N NaOH solution until animals 
lysed completely. After washing three times 
with distilled water, embryos were placed in a 
drop of 50% acetic acid on a glass slide. The 
embryos were squashed under a coverglass. The 
slide was frozen on dry ice and the coverglass was 
removed. The specimens were air dried and 
fixed twice in a methanol-acetic acid (3: 1) bath 
for 60min. For staining, a few drops of 15% 
Giemsa in 1/15 M sodium potassium phosphate 
buffer (pH 8) were put on the slide. After staining, 
the slide was washed with tap water, air dried and 
observed without a coverslip. 


RESULTS 


Phenotypes of cn10 


In this experiment, more than 50 motility 
abnormal mutants were obtained after mutagenesis. 
Of these, one strain, TN10, was found to have 
lost the ability for locomotion during larval 
development and was identified as having mutated 
in the unc—52 gene (Fig. 1). 

C. elegans moves by propagating sinusoidal 
waves along the body. The sinuous movement 
in liquid is rhythmic with a high frequency of 
50 to 60 times per 30sec throughout post- 
embryonic development, although the frequency 
is slightly higher in the young adult [13]. In 
the early larval stage, cn/0 animals moved at 
approximately the same rate as the wild type. 
However, from L3 through to the adult stage, 
the animals became less motile and the sinusoidal 
frequency decreased rapidly as in other severe 
types of mutation in the unc—52 allele, e444 or 
su54 (Fig. 2). There were no phenotypic vari- 
ations in motility between the severe type alleles. 
Another mutant, su250, was a less affected strain 
and indistinguishable in movement from the 
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LGU 


dpy-10 unc-52 


1.0 m.u. 


Fic. 1. Partial genetic map of LGII. The position of the unc—52 gene on LGII is shown 
with the marker genes used in this work. As the length of free fragment cnDpl (f ) 
has not yet been exactly determined, both ends of the fragment are indicated by dotted 
lines. 
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Frequency of sinusoidal waves (No/ 30sec ) 
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Time after hatching (Hr ) 


Fic. 2. Changes in the sinusoidal activities with post-embryonic development. At the indicated 
times, the sinusoidal frequency was counted for 30sec. Each point represents a mean value 
of seven assays. Arrow indicates the time when halo forms (H(-+ )) were detected on a bacterial 
lawn as shown in Fig. 3. (A): wild-type N2(©O), and cn/0 (4). (B): su250 (@), e444 (A), 
cnlO (&) and su54 (V7). 
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wild type at the larval stage. However, the adults pumping was normal. They consumed bacteria 
showed decreased movement and eventually so that a clear halo was formed on the bacterial 
became immovable. Although the cnJ0 adults lawn around the anterior end of the animal 


were defective in locomotion, their pharyngeal (Fig. 3). Accompanying the alteration in motility, 
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Fic. 3. Photographs of wild type (left) and unc-52 
(cn10) (right). The strains were grown on NGM- 
agar plates seeded with E. coli as food and photo- 
graphed at the young adult stage. (Bar=500 um) 
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Fic. 4. Growth of wild type (@) and cnl0 (A). 
Animals were grown on NGM. At intervals, 
they were suspended in one drop of M9 buffer on 
a glass slide, heated slightly, and body lengths 
were measured with an eyepiece graticule. Each 
point represents the mean value of seven measure- 
ments. 


the body length growth rate decreased (Fig. 4) 
and the body form became thinner than that in 
the wild type. In spite of this paralysis, the adult 
was able to lay some eggs, but these often hatched 
inside the parent and the larvae consumed it. 


TABLE 1. Fecundity of wild type and unc—52 
alleles 
Progeny 
Wild type 233+40 (n= 8) 
su250 155+49 (n=12) 
e444 13+ 7 M=13) 
cnl0 8+ 6 (n=30) 


Fecundities of individual cnJ0O hermaphrodites 
varied but the average value was lowest among 
the unc—52 alleles tested (Table 1). Thus, from 
the motility aspect, cnJO belongs to the severe 
types such as e444 and su54, though its fecundity 
is more severely affected. 


Revertants of cn10 and their phenotypes 


Further characterization of the wnc-52 gene 
was carried out, by isolating revertants of the 
cnI0 mutant based on recovery of movement. 
Although more than 10,000 cnJO individuals were 
screened after mutagenesis, no full revertants 
appeared in their F, progeny, though several 
plates contained animals which had partially 
recovered their original mutation phenotypes. 
A total of 28 candidates were retained, of which 
eight strains were analyzed to determine whether 
their mutations were linked to LGII. Doubles 
were constructed between each revertant and 
dpy-10 (e128). Among F, progeny from the 
trans heterozygotes, severely paralyzed Unc 
with or without Dpy phenotype were counted. 
The number of severe progeny was expected to 
be negligible if the second mutation was linked to 
LGII, but significantly higher in the unlinked 
revertant. As shown in Table 2, it was clear 
that the second mutation of TN20 was linked and 
that TN1 was unlinked to LGII. Similar experi- 
ments showed that revertants TN60, TN16 and 
TNS were linked to LGII, while TN36 and TN47 
were unlinked, suggesting that these are of the 
suppressor type. 

Changes in the sinusoidal activity during 
post-embryonic development of linked revertants 
are summarized in Figure5A. The degree of 
progressive paralysis in TN20 was comparable 
with that observed in sw250. Therefore, it was 
clear that the degree of TNS was severe and that 
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TABLE 2. Linkage test of revertants to LGII 


Self-progeny 


Genotype of heterogeneous aes e 
parent Wild Unc, Unc, Dpy Dpy-Unc Dpy-Unc 5 5 aa d 
type mild severe mild severe : 
“TN20” dpy-10/++ 1095 84 Bty 22 i83 1 n=13 
+/“TN1”; dpy-10/+ S3i9> O14 §=6310"* «S61 313 188 n=16 
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Fic. 5. 


Developmental changes in sinusoidal activities of revertants. 


Experimental pro- 


cedures are the same as in Fig. 2. Three strains in (A) were linked and three strains in 


(B) were unlinked to LGII. 


of TN60 was milder than the mild type mutant. 
All three unlinked strains showed milder pheno- 
types (Fig. 5B). The sinusoidal activity in TN36 
was nearly similar to that of the wild type, 
though its locomotive activity was lost later on. 
In addition to the milder phenotype, the TN47 
strain was more sluggish than the wild type. 
However, neither phenotype was segregated by 
back-crosses with the wild type. 


Genetics 


The fine structural mapping of the unc—52 locus 
was attempted using non-complementing pairs 
formed between alleles cn 10, e444, su54, or su250. 
Young adult hermaphrodites of the genotype 


dpy-10 (e128) unc—52 (e444, su54, or su250)/+- 
unc—52 (cnl0) were cultured and screened for the 
recombinant (wild type or Dpy) alleles. Of 
over 1,000 heterozygous individuals cultured, 
no recombinants could be detected. 

Cross progeny between mild (su250) and 
severe (cn/0, su54 or e444) types showed mildly 
paralyzed phenotypes. WHeterozygotes between 
‘**TN20” and severe alleles cn/0, e444 or he54 had 
intermediate properties between mild and severe 
type for all cases. However, ““TN20” had no 
rescuable effects on the mild allele e250, as the 
progeny “TN20’’/su250 did not produce a further 
milder phenotype. Although heterozygous herma- 
phrodites ‘“‘TN20”/+ were grown extensively, 
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no cnl0Q progeny were segregated, indicating 
that the second mutation in the TN20 strain is 
within or closely linked to the unc—52 gene. 


A revertant TN59 


TNS59 was isolated as a revertant in which the 
paralytic phenotype was partially improved. The 
strain was persistently heterozygous because the 
animal produced two types of progeny (Fig. 6), 
the parental type and a small number of severely 
paralyzed animals (Table 3). TNS59-derived 
severely paralyzed animals produced by self- 
fertilization were indistinguishable from cn/J0O in 
the extent of paralysis, and in a cross with hetero- 
zygous cnl0 male (cn/0/+), produced both 
wild-type and cn/0 type progeny but no revertant 
(TN59) type. These results show that the severely 
paralyzed progeny, derived from TN59, is 
genetically consistent with cn/0. Heterozygous 
hermaphrodites dpy—10 (e128) ““TN5S9°”’/+ + were 
classified into two groups based on the pro- 
duction of paralytic mutants, that is, those 


that produced both severe and mild type progeny, 
and those that produced only severe type (Table 4). 
In accordance with Herman’s interpretation of 
his mnDpl data [14], the above results indicate 
that TN59 contains a chromosomal duplication 
in the uwnc-52 region. The duplication might be 
accompanied by free chromosomal fragments 
which are occasionally lost. The duplicated 
gene has now been named unc—52 (cn/10) cnDpl (f). 
We conclude that the addition of cnDpl to cn10 
produces a mildly paralyzed phenotype in TNS9. 
To test whether the duplication included genes 
flanking the unc-52 gene, a suppression of the 


TABLE 3. Progeny of TN59 hermaphrodite by 
self-fertilization 


Phenotype Progeny 
Mildly paralyzed 47+26 
(Parental) 
Severely paralyzed 14+13 
No. of broods scored 15 


Fic. 6. Two types of progeny, produced by self-fertilization of TN59. The strains were grown on 
NGM agar plates and photographed 72 hr after hatching. Wild-type (a), mild (b) and severely 


paralyzed (c) type. (Bar=500 pm). 
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TABLE 4. Progeny of dpy—/0O ‘*TNS9°’/++- her- 
maphrodite by self-fertilization 


Progeny from 


Phenotype mildly severely 
paralyzed paralyzed 
individuals individuals 

Wild type 240 248 
Unc, mild 20 0 
Unc, severe 8 39 
Dpy 20 49 
Dpy-Unc, mild 28 0 
Dpy-Unc, severe 13 52 
No. of broods scored 18 26 


nearby vulvaless mutation /in—7 (e/4/3) by cnDpl 
was tested. Vulvaless dumpy dpy-J0 (cn64) 
lin-7 (e1413) were constructed and mated with 
either unc—52 (cn/l0) or cnDpl. Dumpy progeny 
produced by cn64 e/413/ cn10 were all vulvaless, 
though severely paralyzed dumpy progeny 
appeared by recombination between the dpy—J0 and 
unc-52 gene. Meanwhile, dpy—J0 lin-7/ cnDpl 
animals produced Dpy progeny normal in vulval 
formation, in addition to vulvaless Dpy. There- 
fore, cnDpl suppresses the /in—7 mutation, 
indicating that duplication retains the intact 
lin—7 gene. 

The introduction of the chromosomal fragment 
from cnDpl into various unc—52 mutants resulted 
in partial recovery to mild phenotype in all severe 
type mutants tested (he54, cn/0, e444), and resulted 
in almost complete recovery in the mild type 
mutant (su250). Although we have extensively 
inspected embryos of TN59 hermaphrodites after 
Giemsa staining, we could not find any free 
chromosomal fragments. 


DISCUSSION 


Alleles isolated so far from the unc—52 gene are 
classified into two groups based on the locomotive 
defects, severe and mild. Although we carried 
out extensive cross experiments, no recombinants 
in any combination between mild and severe 
alleles were found. In the cross between cnJ/0 
and su250, over 10,600 progenies were inspected, 
but no recombinants were found. The recom- 


bination frequency between the alleles is, therefore, 
within 0.01%. Asa 1% recombination frequency 
is estimated to correspond to 500 kilobases [3], 
the distance between mutation sites is within 5 kb. 
It appears that no intermediate type between 
severe and mild, mild and mild, or severe and 
completely immovable, exists in the isolated 
mutants. In contrast, the revertants from the 
severe-type mutant were heterogeneous for the 
motility phenotype, including intermediates (TN5) 
between the severe and mild types and the nearly 
wild type (TN36). However, we were not suc- 
cessful in isolating a revertant indistinguishable 
from the wild type in movement, even from the 
mild su250. 

It has been suggested that the wnc—52 gene 
controls the synthesis of myosin in body-wall 
muscle cells. The fact that no paralytic mutant 
at an early stage of postembryonic development 
has been isolated, strongly suggests that the 
unc-52 gene product is essential for viability. 
Therefore, the difference between the severe and 
mild types of the mutants may be attributable to 
the difference in quantity or activity of the gene 
product. The evidence presented in this study 
shows that the revertant TN59 contains the extra 
chromosomal fragment which partially rescues 
the severely paralytic phenotype, resulting from 
unc-52 mutation. Since this chromosomal frag- 
ment might also contain the flanking genes of 
the unc—52 gene, it is reasonable that this chromo- 
somal fragment is the duplicated genes of unc—52 
and its flanking region. Although no evidence 
on the fine structure of the duplicated gene is 
available, it is conceivable that the genes contain 
the severe type allele of unc—52 without secondary 
mutation, that is, the mild phenotype in this 
revertant would be due to the increase in gene dose. 
Zengel and Epstein [8] showed that accumulation 
of myosin heavy chains coded by the unc—54 gene 
quantitatively decreased in unc-52 mutants com- 
pared to the wild type. Based on their results, 
they hypothesized that the effect of mutation in the 
unc—52 gene are trans acting upon the synthesis 
of unc-54 coded myosin. However, no direct 
genetic evidence has so far been presented. The 
cnlO adult was severely paralyzed but the TN59 
strain that contained a chromosomal duplication in 
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the mutated unc—52 region recovered movement. 
Therefore, the unc—52 gene mutation is not an 
alteration but might be a reduction of the gene 
product. This suggestion supports the hypothesis 
mentioned above. 

About half of the revertants obtained from the 
severe type mutant were due to a second mutation 
on the chromosome other than LGII. We have 
not yet determined its position on the chromo- 
somes, and the mechanism of these suppressive 
effects remains to be elucidated. 
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Deciduomal Response in Prepuberal Rats Adrenalectomized- 
Ovariectomized at Different Ages of Early Postnatal Life 


YASUHIKO OHTA 


Department of Biology, School of General Education, Tottori University, 
Koyama, Tottori 680, Japan 


ABSTRACT — The possible effects of extraovarian estrogen on the development of the uterine 
capacity to form deciduomata were studied. Prepuberal rats adrenalectomized-ovariectomized on 
Days 5, 10 and 19 (AX-OX rats) were maintained on increasing doses (1-10 yg) of aldosterone until 
weaning on Day 22. The AX-OX rats, except for those operated on Day 19, were given daily in- 
jections of 0.05 wg estradiol-178(E,) for 2 days from Day 17, followed by 7 daily injections of 3 mg 
progesterone(P) commencing on Day 20. Ina further group ovariectomized on Day 19, the adrenals 
were left intact (OX rats). The AX-OX rats operated on Day 19 and the OX rats were not primed 
with E, but likewise given 7 daily injections of P. On the 3rd day of the period of P injections, all the 
rats (AX-OX and OX) received a single injection of 0.1 wg E, and 16hr later an intraluminal oil- 
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instillation. 
in all the animals. 


When sacrificed on the day following the last P injection, deciduomata were developed 
Regardless of the age at operation, the size of the response in the AX-OX rats 
was approximately twice as large as that in the OX rats with their adrenals intact. 


Furthermore, 5 


daily injections of 1 ~g MER-25 or 0.01 ug E, from Day 6 onward failed to alter the incidence and 


size of deciduomal response in rats adrenalectomized-ovariectomized on Day 5. 


These results 


suggest that endogenous estrogen is not needed for the development of the capacity of the uterus to 


form deciduomata during neonatal life. 


INTRODUCTION 


In the rat, the capacity of the endometrium to 
decidual transformation in response to deciduo- 
genic stimuli is not developed until about 10 
postnatal days [1]. The presence of a critical 
period in the uterine development at about 7-9 
days after birth has also been pointed out by 
Sananés and Le Goascogne [2], Le Goascogne and 
Baulieu [3] and Sananés et al. [4]. Progesterone 
administered during this period greatly reduced or 
abolished the decidualizing ability of the uterus in 
adulthood. These authors suggested that the 
progesterone could antagonize endogenous estro- 
gens, altering the uterine sensitivity permanently. 
However, since ovariectomy during the critical 
period has little effect on deciduomal response as 
adults [5], it is not likely that ovarian estrogen 
plays any important role on the early functional 
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development of the uterus. Therefore, it was 
thought interesting to study the possible effects of 
endogenous extraovarian estrogens on the uterus in 
early postnatal life. 

Since, in neonatal rats, the adrenal gland is 
known to produce estrogen [6-8], the capacity of 
the uterus to form deciduomata in response to 
intraluminal oil-instillation was investigated in 
prepuberal rats adrenalectomized-ovariectomized 
at different ages, and in those given injections of an 
anti-estrogen, MER-25, or estrogen after operation. 


MATERIALS AND METHODS 


Animals 


Female rats of the T strain used in the present 
study were maintained in a temperature- and 
light-controlled room (lights on 0500 to 1900 hr). 
Laboratory pellet diet and water were available ad 
libitum. 

From 42 females, adrenals and ovaries were 
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removed under ether anesthesia on Day 5 (group 
D5-AX-OX), Day 10 (group D10-AX-OX) and 
Day 19 (group D19-AX-OX), respectively, the day 
of birth being designated Day 1. All these rats 
received daily s.c. injections of increasing doses 
of aldosterone (Sigma Chemical Co., St. Louis, 
Mo., U.S.A.) dissolved in sesame oil, 1 wg in 
0.02 ml on Days 6-10, 5 vg in 0.02 ml on Days 11- 
15 and 10 vg in 0.04 ml on Days 16-21. After 
weaning on Day 22, the rats were given 0.9% 
NaCl solution as drinking water. Completeness 
of the operation was checked under a dissecting 
microscope at the time of autopsy. 

In group D5-AX-OX, 8 rats received daily s.c. 
injections of 1 yg MER-25 (Merrell-National 
Laboratories, Cincinnati, Ohio, U.S.A.) (group 
D5-AX-OX-MER) and 9 other animals 0.01 vg 
estradiol-178 (E., Sigma) (group D5-AX-OX-B), 
each in 0.02 ml oil containing 1 yg aldosterone for 
5 consecutive days from Day 6 onward. Seven 
other rats were ovariectomized on Day 19, the 
adrenals being left untouched (group D19-OX). 


Decidualization 


All the rats were given 7 daily s.c. injections of 
3 mg progesterone (P, BDH Labs., Poole, Dorsest, 
U.K.) in 0.1 ml oil, commencing on Day 20. 
Since uterine responsiveness to the deciduogenic 
stimulus decreases with increase in length of 
intervals between ovariectomy and commencement 
of P plus E, treatment [9], groups D5-AX-OX and 
D10-AX-OX received 0.05 vg E, in 0.05 ml oil 
on Days 17 and 18, prior to the commencement of 


P injection. A single s.c. injection of 0.1 pg 
E, in 0.05 ml oil was given between 1800 and 1900 
hr on the 3rd day of the period of P injection. 
Sixteen hours after the E, injection, 0.05 ml sesame 
oil was instilled into the lumen of the right uterine 
horn from the ovarian end as a deciduogenic 
stimulus, injection site being left untouched. 

All animals were sacrificed on the day following 
the last P injection. After uteri were checked for 
gross evidence of deciduomata, the stimulated and 
intact horns of each animals were weighed sepa- 
rately and fixed in Bouin’s solution for histological 
studies. The weight of the stimulated horn bear- 
ing deciduomata was taken as an estimate of the 
size of response. 


Statistics 


The data were statistically analyzed by analysis 
of variance and Student’s ¢ test. 


RESULTS 


Results of the experiments are summarized in 
Table 1. When sacrificed on Day 27, the mean 
body weight was significantly smaller in the AX-OX 
rats, except for those operated on Day 19, than in 
the animals ovariectomized on Day 19 (P<0.001). 

The rats with their adrenals intact invariably 
formed deciduomata in response to intraluminal 
oil-instillation. The 3 AX-OX groups operated 
on Days 5, 10 and 19 also responded to oil- 
instillation by forming deciduomata, regardless 
of the age at operation. However, oil-instilled 


TABLE 1. Deciduoma formation following intraluminal oil-instillation in prepuberal rats ovar- 
iectomized or adrenalectomized-ovariectomized at different ages after birth 


GsouP Body weight eee instilled ee ale ae ee aes 
DS5-AX-OX 47.9+2.2% 8/8 146.6+21.8° 19.6-0.8” 
D10-AX-OX AeDetMe Om 8/8 131.0+20.8° 18.8 +0.6? 
D19-AX-OX VSI. 3) 9/9 150.1 +20.7° 2202 0!5e 
D19-OX Se 9) Ti 75.9+ 4.8 22.7+0.4 
D5-AX-OX-MER 48.0+1.9? 8/8 115.6+11.0° 16.6+0.8°* 
DS5-AX-OX-E 47.2+1.8* 9/9 121.3+17.6° S195 0iS5 


* Different from D19-OX group, P<0.001. 
> Different from D19-OX group, P<0.01. 
* Different from D19-OX group, P<0.05. 


The intact horn of one rat with deciduomata weighing 114 mg is not included in this mean. 
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horns bearing deciduomata were markedly heavier 
in the groups of AX-OX rats than in the OX group 
(P<0.05 or 0.01), while the untreated horns were 
significantly smaller in the former, except for the 
group operated on Day 19, than in the latter 
(P<0.01 or 0.001). Histological studies revealed 
well-developed deciduomata in the instilled horns 
of the AX-OX rats. Analysis of variance showed 
no significant relation between the age of animals 
at adrenalectomy and the size of deciduomal 
response (P>0.05). One of 9 D19-AX-OX rats 
formed deciduomata not only in the instilled horn 
but also in the contralateral untreated horn. 

Two groups of D5-AX-OX rats were given 5 
daily s.c. injections of 1 wg MER-25 and 0.01 vg 
E,, respectively, from the day following the 
surgery, in order to determine whether endogenous 
estrogen could play a part in the early uterine 
development. The size of deciduomal response 
in these two groups of AX-OX rats was of the 
same order as that in the group of D5-AX-OX< rats 
given neither MER-25 nor E, after operation 
(0.2<P<0.4). As in the 3 AX-OX groups given 
no further treatment (vide supra), the instilled horns 
in the two AX-OX groups receiving MER-25 and 
E., respectively, were significantly heavier than in 
the OX group (P<0.01 and 0.05). Inthe MER-25- 
and E.-rats, however, the mean weights of the 
untreated horns were smaller than in the AX-OX 
rats operated on Day 5 and the D19-OX rats (vs. 
D5-AX-OX group, P<0.02 or 0.001; vs. the D19- 
OX group, P<0.001). 


DISCUSSION 


Evidence has accumulated suggesting the exist- 
ence of a critical period during the postnatal devel- 
opment of the rat uterus. Estrogen-binding sites 
in the rat uterine cells increase in number between 
Days 1 and 10 [10]. The ability of the uterus to 
form deciduomata in response to endometrial 
traumatization is undeveloped for about 10 days 
after birth [1]. Progesterone or diethylstilbestrol 
given during a period extending from Days 7 to 
9 [2, 4] and testosterone propionate or estrone on 
Day 5 [9, 11] alter the deciduomal response in both 
immature and adult rats. On the basis of the 
findings that administration of estrogen on Days 


7-9 increased the number of nuclear bodies 
normally appearing in the uterine epithelial cells 
during this period and facilitated the decidualiza- 
tion in prepuberal ages, Sananés and Le Goascogne 
[2] and Le Goascogne and Baulieu [3] suggested a 
key role of the early secretion of endogenous 
estrogen in the uterine development. However, 
the presence or absence of the ovary for the first 
10 days after birth produces no difference in 
deciduoma formation in adulthood, indicating that 
estrogen secreted from neonatal ovaries has little 
effect on the uterine maturation in the rat [5]. 
This is in good agreement with the findings that 
the uterine growth as estimated by the amount of 
DNA, protein content and weight gain is not 
affected by ovariectomy until 10-20 days after 
birth, but thereafter the absence of the ovaries 
greatly inhibits the uterine development [10, 12]. 
On the other hand, however, secretion of estrogen 
by the adrenal in neonatal rats is well documented 
[6-8]. Therefore, the possibility cannot be ruled 
out that the effect of ovariectomy during early 
life might be compensated at some length by 
adrenal secretion of estrogen. 

The present study revealed that immature rats 
adrenalectomized-ovariectomized on Days 5, 10 
and 19 formed deciduomata in response to intra- 
uterine oil-instillation, the weight of the instilled 
horns being approximately twice as large as that 
in the animals with their adrenals intact. Since 
administration of mineralocorticoid has little 
effect on decidualization in rats adrenalectomized- 
ovariectomized as adults [13], it is not likely that 
daily injections of aldosterone given after adrenal- 
ectomy until weaning on Day 22 were responsible 
for the development of larger deciduomata in 
AX-OX rats. Comparison of D19-AX-OX and 
D19-OX groups both receiving no priming with 
E, prior to commencement of P plus E, treatment 
revealed that the deciduomal response was signifi- 
cantly larger in the former than in the latter. 
Accordingly, it is not likely that the E,-priming 
contributed to the greater deciduomal response in 
AX-OX rats. The greater response in AX-OX 
rats relative to OX rats may therefore be accounted 
for by a decrease or the lack of circulating corti- 
costeroids rather than by an increase in concentra- 
tion of progesterone in the blood in consequence 
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of the reduction of body size in adrenalectomized 
rats, since enhancement of deciduomal response 
in adrenalectomized adult rats was reversed by 
corticosterone administration [13]. 

Five daily injections of the anti-estrogen MER-25 
following adrenalectomy-ovariectomy on Day 5 
failed to produce any significant decrease in both 
incidence and size of deciduomal response, and a 
5-day treatment with estrogen during this period 
was incapable of enhancing the uterine respon- 
siveness in the D5-AX-OX rats. From _ these 
findings, it is apparent that endogenous estrogen is 
not needed for the development of the uterine 
capacity to form deciduomata during the critical 
period. This may be at variance with the reports 
of Sananés and Le Goascogne [2] and Sananés et 
al. [4] (vide supra), but seems to be in harmony with 
the findings of Ogasawara et al. [14] that sex 
steroids secreted from ovaries and adrenals of 
neonatal mice play no significant role in prolifera- 
tion of uterine cells. The result that the uteri of 
infantile rats were incapable of responding to 
endometrial traumatization applied on the 4th 
day of a 7-day treatment with P plus E, from Day 
3 through Day 9 of age [1] also appears to show 
that endogenous estrogen is not involved in the 
early uterine development. 

The uterine growth was affected by adrenal- 
ectomy-ovariectomy on Days 5 and 10. The 
suppressive effects of the surgery could be overcome 
to some extent by later hormonic treatments. The 
reduction in weight of the untreated horns in the 
AX-OX rats may probably be attributable to the 
shortage of circulating estrogen after 10 postnatal 
days. Injections of MER-25 evoked a further 
reduction in weight of the untreated horns in 
D5-AX-OX rats, suggesting the existence of 
some endogenous estrogen secreted from unknown 
source(s) in neonatal rats. The reason for a 
reduction in weight of the untreated horns in the 
AX-OX rats treated with E, is not well understood 
at the present moment. However, a high concen- 
tration of estradiol-binding a-fetoprotein in the 
plasma of neonatal rats [15, 16] might be involved 
in this outcome. Aihara et al. [17] reported that a 
treatment of necnatal mice with large amounts of 
estrogen markedly reduces uterine responsiveness 
to estrogen as adults. 
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Variation in Coded Morphological Characters in the Japanese 
Common Toad from Momoyama, Kyoto, Japan 
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ABSTRACT — Variation in 30 attribute characters was analyzed in the Japanese common toad, Bufo 


japonicus japonicus, from Momoyama, Kyoto, Japan. 


Extremely small, metamorphosed young 


quickly changed their morphology until they grew to be ca. 33 mm in SVL. Larger young showed 
no sexual dimorphism. Sexual maturity caused greater morphological divergence in males than in 
females, and adult males were distinct from the remaining sex/age groups in many characters, especially 


in wart characters. 


It is suggested that extremely small young, larger young, adult males, and adult 


females should be treated separately in analyses of coded morphological characters for taxonomic 


purposes. 


INTRODUCTION 


Japanese toads, like other members of the Bufo 
bufo complex, are notoriously difficult to classify. 
Taxonomic revision from the analysis of mor- 
phometric characters has been made by Matsui 
[1]. As pointed out in that paper, some other 
morphological characters, such as body coloration 
and degree of toe webbing, have been regarded 
as important in the classification of Japanese toads 
[2-4], yet these characters are variable in relation 
to age and/or sex. Hitherto, no detailed studies 
have been made on these characters in the Japanese 
common toad nor in other Japanese anurans except 
for Rana nigromaculata and R. brevipoda (=porosa) 
[5]. 

This article presents the variation of coded 
morphological characters within a single popula- 
tion of Bufo j. japonicus (population 63 in [1]). It 
provides basic information for analyzing geo- 
graphic variation among toads of the Bufo bufo 
complex from Japan and the Eurasian continent. 
To this end, variation relating to season, sex, and 
age was analyzed. This report also elucidates 
the general pattern of morphological differentiation 
of characters in this species. 
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MATERIALS AND METHODS 


The 122 Japanese common toads (Bufo j. 
japonicus) used in this study were collected in 
Momoyama, Fushimi-ku, Kyoto during 1972 and 
1977. Data for each age/sex group regarding 
season of collection, number of sampled indivi- 
duals, and body size are summarized in Table 1. 
Immediately after capture, records on coloration 
were made for most specimens. Records were 
again made after the specimens were preserved in 
70°% ethanol for comparison to other specimens. 
Determination of sex and maturity was made after 
Matsui [1]. | Observations were made with the 
naked eye or under a binocular stereoscopic 
microscope at low magnification. The sample 
size of smaller young (i.e., less than ca. 35 mm in 
snout-vent length (SVL)) was too small for stati- 
stical analysis. For the other age/sex groups, Chi- 
squared or Fisher’s exact tests [6] were run to 
detect the presence or absence of seasonal variation 
in adults, sexual dimorphism in adults and young, 
and age variation in both sexes, in the frequency 
distribution of individual toads among character 
states for 30 coded morphological characters 
(significance level=95°%). Characters, their states, 
and corresponding codes (in parenthesis) are noted 
below. Most of these characters should ideally be 
analyzed as continuous variables [6] if more 
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TABLE 1. Japanese common toads examined 
ee 
Age Sex N Months of collection SVL range (mm) 

Smaller young ? 9 late June — mid August 13.7 — 33.0 
Larger young M 26 late August — early October 49.2 — 90.3 
F 26 late August — early October 40.2 — 92.8 
Adult M 16 early March — mid March 79.8 -116.5 
M 15 late August — early October 90.8 —104.5 
F 11 early March — mid March 84.8 -135.0 
F 3 June — July 105.0 -115.2 
F 16 late August — early October 94.0 -134.8 

M=males; F=females. 


pertinent method of measurement is available. 
However, this is hardly practiced at present, and 
therefore, I treated all the characters as attributes 
in this work. In defining these character states, 
those found among toad populations from 
localities other than Momoyama are included for 
future comparisons. Character 1, canthus: round- 
ed (0); blunt (1); sharply edged (2). Character 
2, parietal region: convex (0); flat (1); slightly 
concave (2); concave (3). Character 3, parotoid 
gland: not developed (0); flat (1); moderately 
elevated (2); strongly elevated (3). Character 4, 
tympanum: hidden (0); partially hidden (1); 
evident, not protruded (2); extremely evident, 
protruded (3). Character 5, tubercles on canthus: 
absent, skin smooth (0); small granules scattered 
(1); dense granules (2); large warts present (3); 
canthal ridge present (4). | Character 6, tubercles 
on parietal region: states and codes same as 
character 5. Character 7, tubercles on dorsum: 
absent or with a few granules (0); tubercles mod- 
erately developed (1); tubercles strongly developed 
(2). Character 8, tubercles on forearm: states and 
codes same as character 7. Character 9, tubercles 
on tibia: states and codes same as character 7. 
Character 10, tubercles on venter: states and codes 
same as character 7. Character 11, tubercle row 
on flank: absent, skin smooth (0); weak row 
recognized (1); evident row, each tubercle separated 
(2); evident row, tubercles continuous (3).  Char- 
acter 12, conical tip on wart: tip absent (0); tips on 
limbs (1); tips on limbs and flank (2); tips on limbs, 
flank and venter (3); tips on limbs, flank, venter 
and dorsum (4). Character 13, horny layer on 


wart: layer absent (0); layers on limbs (1); layers 
on limbs and flank (2); layers on limbs, flank and 
venter (3); layers on limbs, flank, venter and 
dorsum (4). Character 14, tarsal fold: fold 
absent (0); row of warts present (1); weakly defined 
fold (2); strongly defined fold (3). Character 15, 
toe webbing: poorly developed on all four points 
(inner edge of 5th toe, outer and inner edges of 
4th toe, and outer edge of 3rd toe) (0); well deve- 
loped on one of four points (1); well developed on 
two of four points (2); well developed on three of 
four points (3); well developed on four points (4). 
Character 16, dorsal coloration: dark brown (0); 
light brown (1); grayish brown (2); grayish yellow 
(3); yellowish brown (4). Character 17, dorsal 
marking: marking absent (0); light marking (1); 
dark marking (2). Character 18, spot behind 
parotoid: spot absent (0); weak spot (1); strong 
spot (2). Character 19, forelimb stripe: stripe 
absent (0); weak stripe (1); strong stripe (2). 
Character 20, tibial stripe: states and codes same 
as character 19. Character 21, loreal spot: states 
and codes same as character 18. Character 22, 
dark marking on sides of parotoid: marking 
absent (0); weak marking (1); strong brown 
marking (2); strong black marking (3). Char- 
acter 23, dark stripe on flank: stripe absent (0); 
weak stripe (1); strong, partial stripe (2); strong 
continuous stripe (3). Character 24, light stripe 
on flank: stripe absent (0); weak stripe (1); strong, 
unbordered stripe (2); strong, clearly bordered 
stripe (3). Character 25, light marking on 
parotoid: marking absent (0); weak marking (1); 
strong, unbordered marking (2); strong, clearly 
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bordered marking (3). Character 26, mid- 
dorsal line: line absent (0); weak, partial line (1); 
clear, partial line (2); weak, continuous line (3); 
clear, continuous line (4); clear, wide stripe (5). 
Character 27, ventral dark marking: undefined, 
wide-spreading dark pigmentation (0); dark 
marking absent (1); a few markings (2); moderate 
number of markings (3); heavily mottled (4). 
Character 28, dark marking on throat: marking 
absent (0); weak marking (1); strong marking (2). 
Character 29, dark marking along lower jaw: 
marking absent (0); weak, partial marking (1); 
strong, interrupted marking (2); strong, continuous 
marking (3). Character 30, red marking: marking 
absent (0); weak marking or a few spots (1); 
strongly spotted (2); forming band on flank (3); 
body entirely reddish (4). 


RESULTS 


The results of analyses on the frequency distri- 
bution of individuals for each character code are 
shown in Table 2 for each group divided by season 
of collection, age, and sex. The results of stati- 
stical comparisons within and among these groups 
are summarized in Table 3. 

Seasonal variation in adults Presence of 
seasonal variation was compared between the 
samples collected in spring (—breeding season) and 
autumn for each sex of adults. Significant dif- 
ferences in two characters in males (development 
of tympanum and spot behind parotoid) and three 
in females (tubercles on canthus, tubercles on 
forearm, and conical tip on wart) were found: 1) 
character 4 in males: protruded tympanum, not 
found in autumn sample, was found in about 1/3 of 
spring sample; 2) character 18 in males: none of 
autumn sample had spot behind parotoid, but 
about half of the spring sample possessed a weak 
spot; 3) character 5 in females: individuals lacking 
tubercles and those with scattered small granules on 
canthus were similar in frequency in autumn 
sample, but the latter state was infrequent in spring 
sample; 4) character 8 in females: strongly deve- 
loped tubercles on forearm were found in a larger 
number in the autumn sample, whereas the 
frequencies of moderately and strongly developed 
states were about the same in the spring sample; 


5) character 12 in females: most individuals in the 
autumn sample possessed conical tips on the limb 
warts, but in the spring sample, individuals without 
conical tips were more numerous than those with 
tips on limb warts. Thus, females are con- 
sidered to be seasonally more variable in wart 
characters, and warts and conical tips are less 
developed in spring. 

As seen in Table 3, no 
sexual differences were found among the 30 
characters in the young. On the contrary, many 
characters showed sexual dimorphism in adults, 
and 12 of 30 characters were found to be signifi- 
cantly different between the sexes (Table 3). 

Among the 5 characters showing seasonal 
variation in adults, character 4 did not differ be- 
tween the sexes in either the spring or autumn 
sample. Similarly, character 5 did not differ by 
sex between spring and autumn samples. By 
contrast, character 8 did differ by sex in both spring 
and autumn samples, the tubercles being more 
developed in the females than the males. Char- 
acter 12 was sexually dimorphic in autumn samples 
and was more developed in females, but no dif- 
ference was found in spring samples. Likewise, 
character 18 exhibited a sexual difference only in 
autumn samples, with males more frequently 
lacking the spot. 

For the 25 characters showing no _ seasonal 
variation, spring and autumn samples were com- 
bined for analysis, with the result that the two 
sexes differed in the frequency of individuals for 
each of 9 characters: 1) character 3: males with flat 
parotoid were quite numerous, accounting for 
about 1/3 of the total, but there were few among the 
females; 2) character 6: most males lacked tubercles 
and had a smooth parietal region, whereas in 
females the number of individuals having a smooth 
parietal region and those with scattered small 
granules were about equal; 3) character 7: indi- 
viduals with moderately developed tubercles 
predominated in males, whereas those with strongly 
developed tubercles on dorsum predominated in 
females; 4) character 13: a larger number of males 
lacked a horny layer, but more than half the females 
possessed a layer on limbs and flank; 5) character 
15: in males, individuals with poorly developed 
webbing and those with webbing developed on one 
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TABLE 2. Distribution of individual toads among.character codes of each character analyzed 


Characters and codes 


Character 


Code 


M Y 


21 


5 


WS 


0 


BY 


M A Spr. 


M A Aut. 


F A Spr. 


F A Sum. 
FA Aut. 


14 16 0 8 


2 


4 


11 


Characters and codes 


13 


12 


11 


10 


Character 


Code 


M Y 


16 


Og getouaEs 
AF 


0 26 16 


0 


24 


BLY, 


13 


M A Spr. 


M A Aut. 


F A Spr. 


F A Sum. 
FA Aut. 


9 


0 


14 


Characters and codes 


18 19 


15 16 17 


14 


Character 


Code 


M Y 


19 


17 


24 2,22, A 


3 


6 


5) 


2 pep 


BY, 


M A Spr. 


M A Aut. 


F A Spr. 


F A Sum. 
F A Aut. 


0 


10 


0 


0 


16 


Characters and codes 


21 


24 25 


3) 


20 22 


Character 


Code 


11 


17 


21 4 
4 20 2 


11 


0 


7 


0 24 O 


26 pe 


21 


4 
12 


FY 


10 2 


M A Spr. 


0 


14 


MA Aut. 


A Cc 
> ~ T é 
mA Opr. 


— 
= 


D 


YB 


FA Aut. 
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Characters and codes 

Character 26 27 28 29 30 

Code eet Me Dy. 3S eel ee Baldi D3, all. <2... .3 
M Y eee) owe 10) 1S sareie 4-7 aoOneg a-220 14). S64) § 
BY iBone 127.0 0 64 14RGr pees er be0 fn9 elT 19:4 3;-.0 
M A Spr. in if orth, « 21,00 de (SteslandtiGawttl peiOnl! Sire ecl2wl04-S-.,.0- 1 
M A Aut. cp, SR es} ame? Ae 6. ThA Woiard Sena bet Hiwelioe 850 ese O 
F A Spr. 5 tole’: SS 5 a | eas pre ee Pee Un 6 Ie pe Sans eae: ee 0 
F A Sum. L707 EG O° fz OS Ue) Eo) Shee ee «as 9 
F A Aut. ines O. 4 2 LOL Mee Oe la (a UL. 


Y=larger young, A=adults. Character codes to which no individuals belonged were omitted 


for some characters. 


TABLE 3. Results of statistical comparisons showing sexual (M=males, F=females) 
and age (Y=larger young, A=adults) differences in 30 characters. 


Character 
ef 
1 NS 
2 NS 
3 NS 
4 NS 
5 NS 
6 NS 
7 NS 
8 NS 
9 NS 
10 NS 
11 NS 
12 NS 
13 NS 
14 NS 
15 NS 
16 NS 
17 NS 
18 NS 
19 NS 
20 NS 
21 NS 
29 NS 
23 NS 
24 NS 
25 NS 
26 NS 
27 NS 
28 NS 
29 NS 
30 NS 


Difference 
Sexual (M/F) Age (Y/A) 
M 

NS ++ ++ 
NS ++ te 
+ ++ NS 
NS NS* NS 
NS Th ann 
1 ++ ++ 
4 4h NS 

oe ++ NS* 
NS ++ NS 
NS Sta NS 
NS NS NS 

NS ++ ++ == 
4 + NS 
NS NS NS 
oa tt i 
ant th =P 
NS 1 

NS + site ++ 
NS ++ ++ 
NS ++ ++ 
NS +r ++ 
NS NS NS 
NS NS NS 
NS NS NS 
++ ote NS 
NS NS NS 
-+- NS NS 
++ NS NS 
NS NS NS 
NS NS NS 


NS: P>0.05, +: P<0.05, 


++: P<0.01. 


Asterisks signify presence of within-group seasonal variation. 
parisons of adults in characters 8, 12 and 18, results for spring (left) and autumn 


(right) samples are shown. 


Abbreviations as in Tables 1-2. 


For inter-sex com- 
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point were about equal in number, but in females 
about equal number of individuals had webbing 
developed on one or on two points, indicating 
better development of webbing than in males; 
6) character 16: almost all males had a yellowish 
brown dorsum, while a larger number of females 
had a light brownish dorsum, and individuals with 
a dark brownish dorsum were limited to females; 
7) character 25: females differed from males in the 
high frequency of individuals with strong marking 
on parotoid; 8) character 27: males had generally 
less developed ventral dark marking than females 
and were characterized by a high frequency of 
individuals with few markings; 9) character 28: 
most males lacked throat marking, but 1/3 of the 
females possessed it. 

Age variation Due to the inadequate sample 
size for smaller young, morphological change in the 
stage from immediately after metamorphosis to ca. 
35mm SVL is simply described in Table 4. As 
seen in the table, as many as 19 of 30 characters 
differed between individuals captured within one 
month of metamorphosis (mean SVL=14.2 mm) 
and more advanced individuals having mean SVL 
of 21.2mm. Between the latter individuals and 
further advanced individuals (mean SVL= 
32.5 mm), 13 character states differed, but these 
latter individuals in turn differed from larger 
young at most in 7 characters (character states for 
larger young were represented by the corresponding 
codes including the largest number of individuals). 
That is, morphological differentiation of a young 
toad by the SVL of about 32.5 mm is remarkable, 
but it becomes less marked thereafter. 

When larger young and adults were compared 
for each sex, they differed significantly in 19 of 30 
characters in males, whereas they differed in only 
12 characters in females (Table 3). In 12 char- 
acters, both sexes differed in the frequency dis- 
tribution of character codes between young and 
adults: 1) character 1: a larger number of young 
possessed a sharply edged canthus, while most 
adults had a blunt canthus; 2) character 2: most 
young had a flat parietal, but in adults a slightly 
concave parietal was most frequent and a concave 
parietal was more frequent than a flat parietal; 
3) character 5 and 4) character 6: most young had 
canthus and parietal with scattered small granules 


TABLE 4. Observed codes for 30 characters in young 


Character codes 


Character Smaller young Larger young 
XSVL= XSVL= XSVL= SVL= 
14.2mm 21.2mm 32.5mm 40.2-92.8mm 
(N=3) (N=3) (N=3)" QNE=52) 
1 0 2 2 D 
y 0 1 1 1 
3 0 1 1 2 
4 0 1 Z 2 
5 1 1 1 1 
6 1 1 1 1 
7 0 1 y} 2 
8 0 1 D, yD, 
9 0 1 2 2, 
10 1 1 1 1 
11 1 1 2 2D 
12 0 2, 1 1 
13 0 2 y) Z 
14 0 0 0 0 
15 1 0 0 0 
16 0 0 1 1 
17 2 0 1 1 
18 0 0 Z 2 
19 1 2 1 1 
20 1 2 1 1 
21 1 2 2, fon 
22 1 3 3 3 
23 1 1 2 3 
24 1 0 1 3 
25 1 1 1 1 
26 0 1 if 0 
iT 0 3 3 3 
28 0 1 1 0 
29 1 ll 3 3 
30 0 0 0 0 


Character codes for larger young are represented 
by modes. 


or dense granules, but a larger number of adults 
had a smooth canthus and parietal; 5) character 
12: individuals with conical tips on warts of limbs 
and flank were most abundant in young, but most 
adult males and about 1/3 of adult females lacked 
a conical tip on warts; 6) character 15: in most 
young, toe webbing was poorly developed in all 
four points, but individuals with more developed 
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webbing were more frequently observed in adults; 
7) character 16: individuals with light brownish 
dorsum were most abundant in young, but in 
adults, most males had dorsum coloured yellowish 
brown and about 1/3 of females were dark brown; 
8) character 17: a larger number of young had 
light dorsal marking, but most adults lacked 
marking; 9) character 18: more than half the young 
had a strong spot behind parotoid, but in adults, 
most males lacked the spot and females lacking 
the spot and those with a weak spot were nearly 
equal in number; 10) character 19 and 11) char- 
acter 20: most young possessed weak forelimb and 
tibial stripes, but a larger number of adults lacked 
them; 12) character 21: a larger number of young 
had a weak loreal spot, but most adults lacked it. 

In 7 characters, only males differed between 
young and adults: 1) character 3: most young had 
moderately elevated parotoid but flat parotoids 
were found in about 1/3 of adults; 2) character 7: 
in most young, tubercles on dorsum were strongly 
developed, but moderately developed tubercles 
were most common in adults; 3) character 8: most 
young had strongly developed tubercles on forearm, 
but nearly half the adults lacked tubercles; 4) 
character 9: tubercles on tibia were strongly deve- 
loped in most young, whereas individuals with 
moderately developed tubercles frequently oc- 
curred among adults; 5) character 10: individuals 
with moderately developed tubercles on venter 
and those with strong tuberculation were nearly 
equal in number in young, but the former condition 
was most frequent in adults; 6) character 13: a 
larger number of young had horny layers on warts 
of limbs, flank, and ventrum, whereas adults 
usually lacked a horny layer; 7) character 25: 
individuals with weak marking on _ parotoid 
accounted for less than half the number in young 
while such individuals were most common among 
adults. 


DISCUSSION 


From the above results, the pattern of mor- 
phological differentiation in the Japanese common 
toad (Bufo j. japonicus) can be summarized as 
follows: 1) just metamorphosed smaller young 
rather abruptly change their morphology in respect 


to coded attribute characters by the time they 
reach ca. 33mm SVL; 2) larger young are not 
sexually dimorphic in coded characters; 3) sexual 
maturity causes rather significant morphological 
change, and the degree is far greater in males than 
in females. The latter two points agree well with 
the results obtained for morphometric characters 
in this species [1]. 

Among remarkably variable characters were 
those related to development of warts and spines, 
and as shown in the results, adult males of Bufo /. 
Japonicus usually have a smoother back than 
females and young. This seems to be a general 
trend in toads of the Bufo bufo complex since Liu 
[7], in analyzing secondary sex characters of 
Chinese anurans, reported that smooth skin was 
found in the male, whereas prominent spinous 
warts were found in the female of Bufo b. japonicus 
(=northern population of Bufo gargarizans), a 
close relative of the Japanese common toad. 
Smith [8] and De Lange [9] also noted that male 
European Bufo bufo bufo had smoother skins than 
females in the breeding season. A reverse situ- 
ation, 1.e., rough skin in the adult male, is uni- 
versally found among toad species [10] and Taylor 
[11] stated that a change similar to that found in 
Bufo japonicus was unusual in toads. The latter 
trend, however, is not uncommon among remotely 
related Bufo species; In B. funereus from Upemba, 
Congo, the dorsal skin of females and young males 
is spinose, whereas that of breeding males is very 
smooth [12]. Changes in dorsal spinosity were 
demonstrated to be correlated with the develop- 
ment of the nuptial pads, i.e., sexual maturity [12]. 

The development of warts and conical spines 
was, however, seasonaly variable even in females of 
the Japanese common toad, and samples collected 
in spring (breeding season) included many 
individuals with poorly developed warts and spines 
like males. This fact seems to indicate the 
presence of some hormonal regulation similar to the 
one that would occur in males. The head of 
the young Japanese common toad has scattered 
granules, contrasting with the smooth head of 
adults. This result coincides well with the sug- 
gestion by Boring [13] that the smooth head in 
Bufo bufo gargarizans (= Bufo gargarizans) from 
China appears especially in old specimens. 
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In the Japanese common toad population from 
Momoyama, adult males had slightly more less- 
developed toe webbing than adult females. This 
is an unexpected situation since the closely allied 
European Bufo b. bufo usually has been reported 
to have better developed webbing in adult males 
[8, 14]. De Lange [9], on the contrary, stated that 
the relative dimensions of the webs and sex could 
not be correlated in that species. It has not been 
determined whether there is species-specific vari- 
ation in the degree of toe webbing development. 

The variability of the middorsal line was not 
related to sex or age in the Japanese common toad, 
and this result is compatible with that obtained by 
Martof and Humphries [15] for North American 
Rana sylvatica. They found that the middorsal 
white line in that species did not change onto- 
genetically, nor was it sex-linked. In _ their 
specimens the stripe was either fully present or 
entirely absent, and they attributed this phenom- 
enon to the control of a single gene. By contrast, 
the appearance of the stripe was quite variable in 
the Japanese common toad, sometimes completely 
and sometimes partially present, and simple re- 
gulation of its expression by a single gene is 
doubtful in this species. 

Adult females had the most developed ventral 
dark marking in the Japanese common toad. 
Opatrny [16] similarly found in Bufo viridis from 
Czechoslovakia that dark markings on the ventral 
surface appeared only in the later stages of 
ontogeny but that males are more often marked 
than females in this species. The presence of red 
marking was regarded as characteristic for toads 
from montane regions [3], but red spots were 
occasionally observed among individuals used in 
this study (from area less than 100 m in altitude) 
regardless of sex and age. 

From the results reported here, it is concluded 
that 1) immature young except extremely small, 
just metamorphosed young can be treated without 
consideration of sex; 2) adults should be separated 
from young in some characters; 3) adult males and 
females should be separately treated in many 
characters, and 4) the collecting season should be 
considered in several characters in order to analyze 
zeographic variation of coded attribute characters. 
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On a Special Form of Plumatella repens, 
a Freshwater Bryozoan 
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ABSTRACT — The taxonomic position of a group of freshwater bryozoans which produce con- 
sistently a peculiar type of floatoblast was examined, and the group was concluded to be a special 
form of Plumatella repens. This special form is characterized by the floatoblasts in which the naked 
capsular area on the dorsal side is narrower than in the typical form of P. repens. Ancestrulae of the 


two forms of P. repens are compatibly fusible. 


Each branch in a fused colony produces only a single 


type of floatoblast that is consistent with the intraspecific form of the branch. Hence, the two forms 


appear to be genotypical and not phenotypical. 


Pycnoblasts which have been assigned to Plumatella 


casmiana by previous workers, as well as some types of floatoblasts described by several authors, are 
considered identical with the floatoblasts of the special form of P. repens. 


INTRODUCTION 


Plumatella, a genus of the class Phylactolaemata 
or freshwater bryozoans, produces two types of 
statoblasts: floatoblasts and sessoblasts. Both 
types of statoblasts develop within the funiculus 
[1]. The floatoblasts are highly diagnostic, but 
the sessoblasts are similar in many species. 

In the floatoblasts, the capsule is partly covered 
by the peripheral annulus or float. The degree of 
covering varies according to species, though it is 
consistent within a given species. In each species, 
the float coverage is wider on the dorsal side than 
on the ventral side (i.e., the side on which the 
statoblast has been attached to the funiculus). In 
other words, the naked capsular area is larger on 
the ventral side than on the dorsal. 

The float coverage on the dorsal side is wider in 
Plumatella emarginata than in P. repens. Mukai 
[2] has reported colonies producing floatoblasts 
the float coverage of which is narrower than in P. 
emarginata but wider than in P. repens. The 
species of these specimens was not identified and 
simply referred to as “Plumatella sp.” Similar 
floatoblasts have been found and ascribed to 
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various species by several workers (see Discussion). 

In a previous paper, Mukai ef a/. [3] demon- 
strated the occurrence of natural fusion between 
mucous pads of ancestrulae germinated from 
statoblasts in various species of the family 
Plumatellidae. This fusion has been reported to 
be species specific but not colony specific. There- 
fore, some taxonomical confusion within the genus 
Plumatella may be expected to be solved by 
means of a fusibility test. 

In this paper, evidence that the “‘P/umatella sp.” 
in Mukai [2] belongs to Plumatella repens will be 
presented based upon the fusibility test of an- 
cestrulae. 


MATERIALS AND METHODS 


Colonies of an unidentified species of Plumatella, 
which will be tentatively presented as Plumatella 
sp., as well as those of Plumatella repens, P. 
emarginata, and P. casmiana were collected from 
several localities in Gunma Prefecture (cf. [2]). 

Floatoblasts gathered from these colonies were 
stored in a refrigerator (at about 5°C) until needed. 
P. casmiana produces two types of floatoblasts: 
ordinary thick-walled floatoblasts and peculiar 
thin-walled floatoblasts or leptoblasts [4]. Only 
thick-walled floatoblasts were used. In every 
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species, the floatoblasts were in a dormant state 
when collected. During storage at low tempera- 
tures for more than two months, dormancy was 
removed. 

Fusibility of ancestulae between Plumatella sp. 
and other species was examined. Two or three 
floatoblasts were selected from each of the paired 
species between which fusibility was to be tested. 
Hence, a total of 4 to 6 floatoblasts were placed in 
close proximity with one another against the 
inside bottom of a Petri dish (6 cm in diameter) 
held in water open side down (see [3] for details). 
A Petri cover was fitted underneath. The Petri 
dish was then removed from the water, and 
incubated at 25°C. The statoblasts germinated in 
2 to 3 days. Several days after germination, 
fusion and nonfusion could be distinguished under 
a stereomicroscope. 

Water containing flourishing food organisms 
such as unicellular green algae and diatoms was 
prepared in a large aquarium by keeping goldfish 
fed on commercially prepared solid food. Germi- 
nated ancestrulae were reared in water from the 
aquarium. The culture water within the Petri 
dishes was renewed every day. 


RESULTS 


Localities of Plumatella sp. thus far ascertained 
are listed in Table 1. All specimens from these 
localities were identified as conspecific by the 
appearance of floatoblasts. 

The floatoblasts of Plumatella sp. were elliptical 
(Fig. 1A), resembling more closely the floatoblasts 
of P. repens (Fig. 1B) than those of P. emarginata 


(Fig. 1C). The central capsular area on the 
ventral side was similar in these three forms of 
Plumatella. On the dorsal side, the capsular area 
of Plumatella sp. was distinctly smaller than that 
of P. repens and larger than that of P. emarginata. 
The following numerical data were obtained with 
35 floatoblasts of Plumatella sp. from a brook at 
Fujimi: whole length, 355-395 um; whole width, 
260-290 um; ventral capsular length, 215-250 um; 
ventral capsular width, 195-225 um; dorsal cap- 
sular length, 135-155 wm; and dorsal capsular 


width, 145-165 pm. 


The sessoblasts of Plumatella sp. were not 
particularly distinctive, and could hardly be 
distinguished from those of P. repens. The 
lengths and widths of several sessoblasts were 
405-435 wm and 330-375 wm, respectively, in- 
cluding the peripheral annulus 30-40 wm wide. 
The exposed surface was mammillated. 

Fusibility or tissue compatibility of ancestrulae 
was examined in all possible combinations between 
Plumatella sp. and one of the following three 
Plumatella species: P. emarginata, P. casmiana, 
and P. repens. Each combination was tested 
repeatedly. Plumatella sp. never fused with P. 
emarginata, nor did it fuse with P. casmiana. But 
it always fused with P. repens (Fig. 2). 

Several composite colonies consisting of 
Plumatella sp. and P. repens were reared in the 
laboratory for about 40 days. The colonies grew 
fairly vigorously, each ancestrula giving rise to 
One major branch. No distinction was possible in 
appearance between the branches of different 
origins. The colonies produced numerous floato- 
blasts. In every colony, both the branches 


TABLE 1. List of the specimens of Plumatella sp. collected from Gunma Prefecture 
Locality Date of collection eee Bins 
i ens eta 22 May 1980 1 P. emarginata 
heey 21 May 198 ee 
A Area ericetd 21 July 1981 1 P. emarginata 
ee vcs Pe 
Raia Seen 13 July 1983 many Pee 


Special Form of Plumatella repens 


Fic. 2. A composite colony formed by fusion of 3 
ancestrulae of Plumatella sp. (x;, x, and x;) and 2 
ancestrulae of P. repens (r, and r,). The stato- 
blast valves of P. repens are marked by a slight cut 
in the float. x27. 


A: Plumatella sp.; 
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B: P. repens; C: P. emarginata. X40. 


belonging to Plumatella sp. and those belonging 
to P. repens produced only a single type of 
floatoblast peculiar to respective forms. 

Another aspect worth pointing out is that 
growth was more rapid in the branches of 
Plumatella sp. than in those of P. repens. On the 
20th day after germination, for example, the 
branches growing from x;, x, and x; in Figure 2 
were composed of 45, 59 and 46 functional zooids, 
respectively; while the branches growing from r; 
and r, contained 22 and 25 zooids, respectively. 
On the same day, each of the Plumatella sp. 
branches contained 18-23 mature floatoblasts. 
The P. repens branches contained only young 
statoblasts, some of which developed into mature 
floatoblasts in about 3 days. 


DISCUSSION 


Plumatella sp. and P. repens closely resemble 
each other in many features. The two forms are 
distinguishable from each other only by floato- 
blasts. Fusion of ancestrulae is possible between 
the two forms. Therefore, Plumatella sp. may 
well be regarded as a special form of P. repens, and 
is treated below as such. 

In composite colonies composed of the special 
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and the typical form of P. repens, each zooid 
produces a single type of floatoblast which is 
compatible with the form to which the zooid 
belongs. Neither external environmental factors 
nor coelomic fluid seems to affect the type of 
floatoblast to be formed. This fact suggests that 
these two forms are determined genetically. Thus, 
the composite colonies are considered intraspecific 
genetic chimeras. The two forms, however, may 
require somewhat different ecological or environ- 
mental conditions for growth, for they have not 
been found together in natural habitats. Under 
the culture conditions of the present study, a 
slight difference was also noted in the growth rate 
of colonies between the two forms. 

Colonies producing floatoblasts similar to those 
of the special form of P. repens have been reported 
by several workers. ‘“Plumatella emarginata, Pony 
Creek form’’ in Bushnell [5], for example, is prob- 
ably identical to the special form of P. repens, 
though there is slight disagreement in floatoblast 
measurements between the two. Bushnell [5] 
tentatively placed the Pony Creek form under P. 
emarginata. At the same time, he suggested the 
possibility of hybridization and introgression in 
the family Plumatellidae. It is very probable 
that unusual floatoblasts described by Toriumi [6] 
are also of the special form of P. repens. Toriumi 
[6] ascribed them to a “special intraspecific group 
of P. repens.”’ Later, however, the same author 
stated that his intraspecific group seemed to be a 
hybrid of P. repens and P. emarginata [7]. 

Plumatella repens and P. emarginata appear to 
be distinct species. Any evidence suggesting 
continuity between these two species has not been 
known to me. No fusion occurs between the 
ancestrulae of the two species [3]. 

In the floatoblasts of Plumatella casmiana, 
Wiebach [8] and Wood [9] distinguished three 
distinct types; while Mukai et al. [4] distinguished 
only two types. According to the latter authors, 
the pycnoblast described by the former authors as 
one of the three types is to be assigned to a 
Plumatella species other than P. casmiana. Judg- 
ing from the photographs in Wiebach [8] and Wood 
[9], the pycnoblast seems to be nothing but the 
floatoblast of the special form of P. repens. 


Plumatella elegans may be comparable to the 
special form of P. repens (see also [5]). Allman 
[10] illustrated only one face of the floatoblast of 
P. elegans. Provided that Allman’s drawing 
represents the dorsal side, the floatoblast closely 
resembles the floatoblast of the special form. 
Hence, P. elegans may be regarded as a synonym 
of P. repens, though no definite conclusion can be 
reached on account of incomplete description of 
P. elegans. 


REFERENCES 


1 Mukai, H. (1982) Development of freshwater 
bryozoans (Phylactolaemata). In “Develop- 
mental Biology of Freshwater Invertebrates”. Ed. 
by F. W. Harrison and R.R. Cowden, Alan R. 
Liss, New York, pp. 535-576. 

2 Mukai, H. (1982) Notes on the freshwater 
Bryozoa in Gunma Prefecture (Central Japan). 
Sci. Rep. Fac. Educ. Gunma Univ., 31: 17-32. 

3 Mukai, H., Tsuchiya, M. and  Kimoto, K. 
(1984) Fusion of ancestrulae germinated from 
statoblasts in plumatellid freshwater bryozoans. J. 
Morphol., 179: 197-202. 

4 Mukai, H., Niwa, T., Tsuchiya, M. and Nemoto, 
T. 1983) The growth of colonies and the pro- 
duction of statoblasts in a freshwater bryozoan, 
Plumatella casmiana. Sci. Rep. Fac. Educ. 
Gunma Univ., 32: 55-75. 

5 Bushnell, J. H. (1965) On the taxonomy and 
distribution of freshwater Ectoprocta in Michigan. 
Part II. Trans. Amer. Microsc. Soc., 84: 339-358. 

6 Toriumi, M. (1970) Additional observations 
on Plumatella repens (L.) (a fresh-water bryozoan). 
II. A note on the special form of floatoblast. Bull. 
Mar. Biol. Stn. Asamushi, 14: 21—25. 

7 Toriumi, M. (1972) Additional observations on 
Plumatella repens (L.) (a fresh-water bryozoan). 


VIII. General consideration. Bull. Mar. Biol. 
Stn. Asamushi, 14: 169-174. 
8 Wiebach, F. (1963) Studien tiber Plumatella 


casmiana Oka (Bryozoa). Vie et Milieu, 14: 579- 
596. 

9 Wood, T.S. (1973) Colony development in 
species of Plumatella and Fredericella (Ectoprocta: 
Phylactolaemata). In ‘Animal Colonies’. Ed. 
by R.S. Boardman, A. H. Cheetham and W. A. 
Oliver, Jr., Dowden, Hutchinson and Ross, 
Stroudsburg, pp. 395-432. 

10 Allman, G. (1856) A Monograph of the Fresh- 
water Polyzoa, Ray Soc., London, 119 pp. 


ZOOLOGICAL SCIENCE 2: 109-114 (1985) 


© 1985 Zoological Society of Japan 


Mites of the Genus Preracarus (Acarina, Myobiidae) 
Taken from the Bats of the Genus Miniopterus 
(Chiroptera, Miniopteridae)' 


KIMITO UCHIKAWA 


Department of Parasitology, Shinshu University School of 
Medicine, Matsumoto 390, Japan 


ABSTRACT — Despite the examination of a large number of specimens of various bats of the genus 
Miniopterus, any mite of the genus Preracarus other than the so far known species, P. faini Uchikawa 
and P. miniopteri Uchikawa, was not found from them. This strongly suggests that only the two 


species represent the Preracarus fauna of Miniopterus. 


It is proved that P. miniopteri is prevailing in 


almost whole range of Miniopterus, while P. faini is distributed in the Oriental, Australasian and estern 


Palearctic regions. 


Based on the host records of the mites, it is suggested that the specific name 


schreibersi has been adopted indiscriminately for so many forms of the bats of the genus Miniopterus. 


INTRODUCTION 


Some parasitological data have been introduced 
to the interpretation of taxonomic and phyloge- 
netic problems in various groups of mammals 
and birds since the beginning of this century [1]. 
As appropriate indicator parasites had not been 
located among known species, the idea to deduce 
taxonomical and phylogenetic information from 
parasites did not occur to chiropterologists. 
Dusbabek [2] adopted first the parasitic mites in 
the phylogeny and zoogeography of bats. 
Uchikawa and Harada [3] evaluated the mites of 
the family Myobiidae parasitic on bats as indi- 
cators not less efficient than host karyotypes in the 
taxonomy and phylogeny of Chiroptera. The 
present author intends to give light on ambiguous 
problems in the taxonomy and phylogeny of 
Chiroptera, which are not always in satisfactory 
state, through the accumulation of parasitological 
data. 

The author had an opportunity to examine the 
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bat specimens deposited in the collections of the 
big museums in Europe and the United States for 
ectoparasites. The present paper corresponding 
to the first part of a series of reports on acarine 
parasites obtained from museum bat specimens 
deals with the records of the mites of the genus 
Pteracarus taken from bats of the genus 
Impropriety of the taxonomy of 
some bats will be suggested upon the parasito- 
logical data, after recording all the specific names 
labelled on the museum specimens of the bats in 
situ below. 

The abbreviations for the museums, where the 
host bats are deposited and all the mite specimens 
dealt with in the present paper will be restored, are 
as follows; AMNH — American Museum of 
Natural History, New York; BALM — Basel 
Museum of Natural History, Basel; BSPM — 
Bishop Museum, Honolulu; BMNH — British 
Museum (Nat. Hist.), London; FMNH — Field 
Museum of Natural History, Chicago; MNHN — 
Museum National d’Histoire Naturelle, Paris; 
RMNH — Rijksmuseum van Natuurlijke Histoire, 
Leiden; ROM — Royal Ontario Museum, To- 
ronto; SMF — Senkenberg Museum of Frank- 
furt, Frankfurt; and USNM—US National 
Museum, Washington. 


Miniopterus. 
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TABLE 1. Records of Pteracarus miniopteri Uchikawa 

Code No. Mites Host Locality Host Accession No. 
#4 ones Miniopterus sp. Solomon BALM 4301-24 
#8 28 8322 Miniopterus sp. Madagascar MNHN (KM87-106)** 
“ls IS Miniopterus sp. Madagascar MNHN - 
#19 12 Miniopterus sp. Central Africa MNHN (KM140-5)** 
#24 12 Miniopterus sp. Cameroun MNHN (KM779-83)** 
#105 138322 Miniopterus sp. (A) East Timor AMNH - 
3 On mlee Miniopterus sp. Mombasa, Kenya BMNH. 11.12.10.14—21 
“ee 1S Miniopterus sp. San Christobal, Solomon BMNH 316-7 
#83 12 Miniopterus sp. Transvaal USNM _ 237550-4 
#181 12 Miniopterus sp. Morobe, New Guinea BSPM = 145397-425 
#1 138 Miniopterus sp. Morobe, New Guinea BSPM 51235 
#3 138 Miniopterus sp. Papua, New Gruinea BSPM = 28954 
#180 18222 Miniopterus sp. Morobe, New Guinea BSPM_ 145366-9 
#154 12. M. australis New Caledonia BSPM 145549 and 10 others 
#6 26 $12 M. australis Solomon BALM 4257-9, -61, -63, -7, -9 
7813) @ M. fuscus Morobe, New Guinea BSPM 53044 
#45 185222 M. fuscus group Morobe, New Guinea BSPM 51236 
#66 18 M. fuscus group Morobe, New Guinea BSPM = 53587 
#40 18222 M. fuscus group Morobe, New Guinea BSPM = 52403 
7 a M. inflatus Chyulu Hills, Kenya SMF = 57588 
#62 12 M. inflatus Zaire BMNH_  59-513-5 
#17 238612 M. inflatus africanus Kenya USNM 351014-5 
#20 48612 M. inflatus africanus Kenya USNM 436836~9 
“Oy, 2 @ M. inflatus africanus Kenya USNM 351059 
POA ie M. inflatus africanus Kenya USNM 436816-35 
#1 1S1¢ M. macrocneme* New Caledonia BALM 1761, —63-6 
#59 +192 M. macrocneme New Caledonia FMNH 55291-321 
#184 12 M. magnater Morobe, New Guinea BSPM _ 145440-3 
“NST 2S & M. manavi* Madagascar BMNH 97-9-1-37 
TT 2 M. medius New Guinea BMNH 1938-8-3:34—6 
#142 19 M. melanesiensis* San Christobal, Solomon BMNH 67-1893 
Di) 918 M. minor minor Kenya USNM _ 347399 
#14 12 M. minor minor Kenya AMNH 237341-3 
#50 1921N M. natalensis Cape Province, South Africa BMNH 76:5-24-1 
#54 2922 M. natalensis Natal, South Africa BMNH. 51: 21-6 
Ton M. natalensis Kenya USNM_ 317129-38 
SAS ee. M. natalensis arenarius Kenya FMNH 67958-65 
#46 3292 M. natalensis arenarius Kenya FMNH 85467-78 
#143 286 M. orianae* Darwin, Australia BMNH 22:10-8:1 
#130 12 M. propitristis propitristis New Guinea AMNH 191400 
_ | M. propitristis grandis West Irian AMNH 109961 
#16 2868 M. propitristis insularis New Guinea AMNH 190479-82 
#7 jf 2 M. propitristis Morobe, New Guinea BSPM 20092 
#103 12 M. pusillus pusillus East Timor AMNH 237834-61 
#3 1312 M. robustior* Loyality Is. BALM _ 1752-6, -9 
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Code No. Mites 


#37 
#31 
#52 
#107 
#100 
#64 
#28 
#46 
#54 
#36 
#37 
#42 
#41 
#169 
#27 
#28 
#32 
#16 
#55 
#47 
#35 
#40 
#41 
#46 
#42 
#68 
#144 
#84 
#165 
#10 
#56 
#170 


13322 
rs 
229 
222 
19 

12 

12 

12 

12 

12 
121N 
13222 
1312 
12 

1s 

12 
229 
1312 
12 

2a G19 
1312 
429 
12 

12 
533322 
ISS 
13 
1312 
13 

12 
429 
13 

12 
13222 
13 


56 312 
2NN 


22 2 
12 
12 
136 


Host 


. Schreibersi 
. Schreibersi 


schreibersi 
schreibersi 
schreibersi 
schreibersi 
schreibersi 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi arenarius 
schreibersi majori 
schreibersi natalensis 
schreibersi natalensis 
schreibersi natalensis 
schreibersi natalensis 
schreibersi natalensis 


. schreibersi orianae 


schreibersi orianae 
schreibersi orianae 
schreibersi pulcher* 
schreibersi villiersi 
schreibersi villiersi 
schreibersi villiersi 
scotinus 

smitianus 

tibialis 

tibialis 

tibialis 


tristis tristis 


tristis tristis 
tristis tristis 
tristis celebensis* 


tristis 


Locality 


Afghanistan 
Rumania 

Zambia 

Papua, New Guinea 
Uganda 

Palopo, Sulawesi 
Algeria 

Ethiopia 

Kenya 

Kenya 

Kenya 

Kenya 

Uganda 

Kenya 

Kenya 

Kenya 

Kenya 

Madagascar 
Zambia 

Zambia 

Transvaal 
Kuruman, Cape Prov. 
Malelane, S. Africa 
Queensland, Australia 
Darwin, Australia 
Darwin, Australia 
Kurdistan, N. Iraq 
Cameroun 


Cameroun 
9 


Imasindrary, Madagascar 


South West Africa 
Morobe, New Guinea 
Queensland, Australia 
New Guinea 
Philippines 


Philippines 
Philippines 
S. Sulawesi 
Mindanao 


Host Accession No. 


SME 
RMNH 
SMF 
AMNH 
BMNH 
USNM 
RMNH 
SMF 
SMF 
BMNH 
BMNH 
BMNH 
BMNH 
BMNH 
USNM 
USNM 
USNM 
USNM 
BMNH 
FMNH 
USNM 
USNM 
USNM 
FMNH 
USNM 
USNM 
BMNH 
BMNH 
BMNH 
AMNH 
BMNH 
BMNH 
AMNH 
AMNH 
AMNH 
ROM 


ROM 
ROM 
AMNH 
FMNH 


38835-9 
28708-14 
48029-37 
190473-8 
64-1734 . 
501671 
28528 
45735 
19461-2 
70°726 
76°305 
36°3-16-13—20 
73°527-30 
10-41-27 
436844 
436845-58 
436922 
341718-20 
74:°512-26 
96270-1 
156334-5 
381599-606 
381648 
60858 
284209-14 
284215-30 
67:1230 
68°647 
68-905-9 
4933-5 
97:°9°1-41-3 
35-9:1-78°80 -82 
195333-45 
161684-701 
152447-8 
39860 


39668 
43655 
241557 
56688 


*: Type specimen (s); 


**: Maeda’s private Nos. 
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METHODS 


Skin specimens of bats were examined for 
ectoparasites under the dissecting microscope, 
combing hair with forceps. Alcoholic specimens 
of every species were shaked in a bottle with 
alcohol and, then, picked out. Ectoparasites 
washed out in alcohol were collected with capillary 
pipettes under the dissecting microscope. 

The mite specimens were prepared for micro- 
scopic examination in the author’s laboratory, 
after bringing them back to Japan. 


RESULTS 


Only the 2 species of the mites of the genus 
Pteracarus, P. miniopteri Uchikawa and P. faini 
Uchikawa, were recorded from bats of the genus 
Miniopterus from the Palearctic, Ethiopian, Ori- — 
ental and Australasian regions, that is, the whole 
range of Miniopterus as shown in Tables 1 and 2. 

Distribution of P. miniopteri and P. faini is 
shown in Figure 1. The previous records [4—6, 
8] are also added in the figure. 


TABLE 2. Records of Pteracarus faini Uchikawa 


Code No. Mites Host 


Locality 


Host Accession No. 


#145 138 Miniopterus sp. Eastern Heighland, BSPM 21609 and others 
New Guinea 
#29 388612 Miniopterus sp. Lake Polti, Tibet BMNH._ 15:2:21-7-10 
#183 131N M. magnater Morobe District, New Guinea BSPM_  145540-43 
#76 138 M. medius Koh Lake, Thailand BMNH._  17-2:6:4—7 
#52 386 M. medius Malaysia FMNH 64169-74 
#98 IB22 @ M. schreibersi Ceylon BMNH.  59-:5-31-66 
#102 23868 M. schreibersi Ceylon BMNH. 13-2:10-34—7 
#94 436 M. schreibersi Foochow BMNH 94-9-1-23 
#61 136 M. schreibersi fliginosus Kathmandu, Nepal SMF = 58389-95 
58403-4 


@Pteracarus miniopteri 
OPteracarus/ faini 


Fic. 1. Distribution map of Preracarus miniopteri Uchikawa and Pteracarus faini Uchikawa. 
records are compiled from Uchikawa [4, 5] and Uchikawa ez al. [6, 8]. 


Asterisked 
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DISCUSSION 


The mites of the genus Pteracarus are known to 
be very conservative in speciation [3, 7], and so a 
species of the mites is usually shared by many 
allied hosts. It is reasonable to estimate that 
Pteracarus species specific to Miniopterus is not so 
numerous, yet the real number of such the species 
was unexpectedly small as shown in Tables | and 2. 
This strongly suggests that only the two species of 
mites, P. miniopteri and P. faini, represent the 
Pteracarus fauna of Miniopterus. In this case, 
40 so far described species or subspecies of the bats 
of the genus Miniopterus can be divided into the 
phylogenetically different groups, hosts of P. 
miniopteri and those of P. faini. 

Geographical distribution of P. miniopteri and 
P. faini is shown in Figure l. P. miniopteri 
prevails on many kinds of bats in almost whole 
range of Miniopterus. On the other hand, P. 
faini is distributed on a few species of bats in the 
Oriental, Australasian and eastern Palearctic 
regions. African and Madagascan specimens 
listed in Table 1 and others, which comprized 
almost all the specimens of Ethiopian Miniopterus 
deposited in the visited museums were examined, 
but P. faini was not detected on them. A con- 
siderable number of species of the Oriental and 
Australasian bats not examined previously were 
also inspected in the present study. A larger part 
of such bats were proved not to be hosts of P. 
faini but those of P. miniopteri (Tables 1 and 2). 
Very restricted host and distributional ranges of 
P. faini, being in striking contrast to those of P. 
miniopteri, suggest that P. faini has stemmed out 
of P. miniopteri probably in the Oriental region 
following the establishment of its hosts, and that 
African Miniopterus or Miniopterus of Ethiopian 
region is monophylogenetic, while that of the 
Oriental, Australasian and eastern Palearctic 
regions is diphylogenetic. 

As shown above, the hosts of P. miniopteri 
should be regarded as being different from those of 
P. faini far beyond the species level, yet so many 
incredible labels were found on the bats that 
yielded either of the mites as recorded in situ in 
Tables 1 and 2. It is clear that the specific bat 
name schreibersi for the generic type has been 


adopted indiscriminately for so many forms. 
The name in Table 2 should at least be revised 
judging from the  parasitological data. M. 
australis and M. fuscus were known as the hosts of 
P. faini [6, 8, 9]. These bats were recorded as the 
hosts of the cther mite in the present study as seen 
in Table 1. This does not mean that a bat of the 
genus Miniopterus harbors the 2 mites, but only 
suggests that the taxonomy of the bats is confused 
at present. The same is also the cases of M. 
magnater and M. medius that appear in both 
Tables 1 and 2. 

In addition to such the ambiguously identified 
bats as mentioned above, there were so many 
specimens of anonymous species even in the 
leading museums seen in Tables | and 2, reflecting 
embarrassment in the systematics of bats of the 
genus Miniopterus. Either of the polyxenic mites 
of the genus Pferacarus, however, presents no 
definitive indication of taxonomic status of a given 
host. Some qualitatively different information on 
the taxonomy and phylogeny of Miniopterus has 
been deduced from the mites of the genus 
Calcarmyobia (Myobiidae), which are thought to 
have accomplished more advanced speciation or to 
be ologoxenic, as shown in successive papers 
[10-12]. And, adopting the mites of both the 
genera Pteracarus and Calcarmyobia as indicators, 
a further discussion as to the systematics of 
Miniopterus is given in the last paper [12]. 
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Five Species of Phytoseiid Mites from Japan with Descriptions 
of Two New Species (Acarina, Phytoseiidae) 


SHOZO EHARA 


Biological Institute, Faculty of Education, Tottori University, 
Tottori 680, Japan 


ABSTRACT — Two new species of phytoseiid mites were described from Japan: 


Typhlodromus 


(Anthoseius) higoensis n. sp. from bamboo in Kumamoto Prefecture, Kyushu, and Amblyseius 
(Amblyseius) hirotae n. sp. from Ischaemum anthephoroides (Steud.) Miq. and others in Tottori Pre- 


fecture, Honshu. 
basis of specimens from Hokkaido. 


Typhlodromus (Paraseiulus) soleiger (Ribaga), new to Japan, was redescribed on the 
Further, the males of Amblyseius (Amblyseius) koyamanus 


Ehara et Yokogawa and Amblyseius Undoseiulus) liturivorus Ehara were described and figured for 


the first time. 


INTRODUCTION 


A total of sixty-three species of the mite family 
Phytoseiidae were previously known to occur in 
Japan [1-5]. In this paper descriptions and 
records are given of five Japanese species of the 
family, including two new species and one species 
new to this country. The materials on which the 
study is based were taken from plants in Hokkaido, 
Honshu and Kyushu. The type-series of the new 
species are deposited in the collection of the 
Biological Institute, Faculty of Education, Tottori 
University. 


Typhlodromus (Anthoseius) higoensis n. sp. 
(Japanese name: Higo-kaburidani) 
(Figs. 1-6) 


Female Dorsal shield reticulate, with five 
pairs of solenostomes. Setae on dorsal shield: 
L,o stout, capitate, with minute barbs; remaining 
setae smooth; M, shorter than Ls, and shorter 
than distance between bases of M,. and L,; Lo 
slightly shorter than, or as long as Ls. Setae S, 
and S, on interscutal membrane. Peritreme 
extending between setae D,; posterior extension of 
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peritrematal shield with a transverse suture, ending 
in a truncate tip. Sternal shield with posterior 
margin concave, with three pairs of setae; meta- 
sternal platelets longer than wide. Ventrianal 
shield longer than wide, wider than genital shield, 
with lateral margins nearly straight; four pairs of 
preanal setae; a pair of very small solenostomes 
slightly intero-posteriad from posteromedian pair 
of preanals, but one of the solenostomes being often 
absent as in Figure 3. Seta VL, capitate. Two 
pairs of slender metapodal platelets. Spermatheca 
as figured. Chelicera with seven teeth on fixed 
digit, three on movable digit. Chaetotaxic 
formula: genu II, 2-2/0, 2/0-1; genu III, 1-2/1, 
2/0-1. Basitarsus IV with a capitate macroseta. 
Measurements in wm: length of idiosoma 360, 
width of idiosoma 240; length of setae’ (n=10): L, 
14.1+0.2, L, 12.4+0.2, L; 13.4+0.1, L, 13.6+0.2, 
L; 15.8+0.2, Le 18.1+0.3, L, 19.9+0.3, L, 27.1+ 
0.3, Lo 24.4+0.3, Lio 55.2+1.0, M, 11.6+0.2, M, 
19.0+0.3, D, 19.1+0.2, D, 10.1+0.1, D; 11.1+ 
0.1, D, 13.2+0.2, Ds 14.4+0.2, Ds 9.9+0.2, S, 
16.6+0.2, S, 15.7+0.1, VL; 42.34-1.0, macroseta 
on basitarsus IV 41.7 -+0.6. 

Male Not known. 

Type-series Holotype: 9-, Kumamoto Uni- 
versity campus, Kurokami-ch6, Kumamoto City, 


1 Mean-+S.E. 
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Pan, 2) 


Fics. 1-6. 
Sternal shield. 
Genu, tibia and basitarsus of leg IV. 


Kyushu, 13-V-1983 (S. Ehara), on bamboo. 
Paratypes: 692-2, 23—VIII-1983, other data the 
same as for holotype. 

Remarks Typhlodromus higoensis n. sp. is 
not closely related to any described species be- 
longing to the subgenus Anthoseius with three 
pairs of setae on the sternal shield. This species 
is distinctive in the combination of the following 
characters: Seta Li. capitate, much longer than 


the other dorsal setae; M, shorter than L;; 


25 um 


Typhlodromus (Anthoseius) higoensis n. sp. (2). 
3: Posterior ventral surface. 


1: Dorsum of idiosoma. 2: 
4: Spermatheca. 5: Chelicera. 6: 


ventrianal solenostomes very small, widely sep- 
arated; spermathecal cervix nearly V-shaped; and 
leg IV with only one macroseta. 


Typhlodromus (Paraseiulus) soleiger (Ribaga) 
(Japanese name: Shirakaba-kaburidani) 
(Figs. 7-12) 


Seiulus soleiger Ribaga, 1902 [6], p. 176. 
Typhlodromus soleiger: Nesbitt, 1951 [7], p. 39, pl. 
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XII, figs. 30, 32; Chant er al., 1974 [8], p. 1283, 
figs. 62-65; Chant and Yoshida Shaul, 1982 [9], 
p. 3027, figs. 13-16. 

Typhlodromus (Typhlodromus) soleiger: 
[10], p. 59, figs. 66-67. 

Paraseiulus soleiger: Muma, 1961 [11], p. 300; Karg, 
1971 [12], p. 216, figs. 233a, 234a, 235a. 

Typhlodromus (Paraseiulus) soleiger: van der Merwe, 


Chant, 1959 


1968 [13], p. 60. 

Paraseiulus (Paraseiulus) soleiger: Wainstein, 1976 
[14], p. 698. 
Female Body heavily sclerotized. Dorsal 


shield reticulate, without solenostomes. Setae on 
dorsal shield: L,. the largest, barbed; M; and L, 
slightly barbed or smooth; the remaining setae 
smooth, Ls more or less shorter than distance 
between bases of L; and M;. Setae S, and S, on 
interscutal membrane. Paritreme not extending 
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Fics. 7-12. 
8: Sternal shield. 


Typhlodromus (Paraseiulus) soleiger (Ribaga) ( £ ). 
9: Posterior ventral surface. 
12: Basitarsus, tibia and genu of leg IV. 


beyond seta D,; posterior extension of peritrematal 
shield without transverse suture. Sternal shield 
with posterior margin concave, with two pairs of 
setae; third pair of sternal setae on platelets; 
metasternal platelets slender, sometimes absent. 
Ventrianal shield slender, slightly wider than 
genital shield, with lateral margins constricted to 
form a waist, widest at level of anus; two pairs of 
preanal setae anterior to the waist; no sole- 
nostomes. Two pairs of slender metapodal 
platelets, the posterior pair very long. Sper- 
matheca as figured. Fixed digit of chelicera with 
two or three subapical, contiguous teeth and one 
middle tooth; the movable digit with one tooth. 
Chaetotaxic formula: genu II, 2-2/1, 2/0-1; genu 
Ill, 1-2/1, 2/0-1. Leg IV without macrosetae. 
Measurements in wm: length of idiosoma 320, 


8 
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7: Dorsum of idiosoma. 


10: Spermatheca. 11: Chelicera. 
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width of idiosoma 190; length of setae (n=10): 
L, 18.0+0.4, L. 17.4140.4,. L; 19.3+0.4, Ls 
20.7+0.5, L; 22.6+0.4, Le 22.9+0.5, L; 23.4+0.4, 
Ls 21.4+0.3, L. 20.5+0.4, Lio 26.5+0.6, Mi 
13.8+0.3, M2 16.1+0.3, M; 24.3+0.5, D, 13.3+ 
0.2, D, 13.3+0.3, D3 13.2+0.3, D,. 16.2+0.1, Ds 
19.5+0.4, De 6.3+0.2, S, 20.3+0.6, S. 17.3+0.3, 
VL, 20.7-+0.4. 

Male Not available in the present study. 

Specimens examined Eight 2 Y., Hokkaido 
University campus, Sapporo, Hokkaido, 30-V— 
1982 (T. Gotoh), on Betula platyphylla Sukatchev 
var. japonica (Miq.) Hara; 7 &&, 9-IX-1983 (T. 
Gotoh & S. Ehara), other data the same as for the 
above. 

Remarks Typhlodromus soleiger is recorded 
from Japan for the first time. Previously this 
species was known from Europe, England, 
U.S.S.R., Canada, the United States, and 
China. 


Amblyseius (Amblyseius) koyamanus 
Ehara et Yokogawa 
(Figs. 13 and 14) 


Amblyseius (Amblyseius) koyamanus Ehara and Yoko- 
gawa, 1977 [15], p. 50, figs. 1-8. 


Male Setae S, and S, on dorsal shield. 


Peritreme not extending to seta D,. Ventrianal 
shield not fused with peritrematal shield, with 
three pairs of preanal setae; a pair of distinct, 
crescentic solenostomes between and _ slightly 
posteriad from posterior pair of  preanals. 
Chelicera with four teeth on fixed digit, one on 
movable digit; spermatodactyl as figured. Meas- 
urements in ym: length of idiosoma 300, width of 
idiosoma 200; length of setae (n=10): L, 17.5+0.5, 
L, 16.2--0.3, LL; 16.2=-0:3, 2, 190220 ae. 
15.4+0.2, Le 18.4+0.4, L, 18.8+0.4, Le 17.4+0.3, 
L, 35.9+0.7, M, 12.6+0.2, M2 25.2+0.7, D, 14.6 
+0.4, D, 12.2+0.3, D3; 12.0+0.2, D, 13.1+0.3, 
D; 15.6+0.3, De 10.3+0.2, S, 16.6+0.4, S, 
15.9+0.3, VL, 22.1--0.4, macroseta on basitarsus 
IV 35.4-40.5. 

Specimens examined Four &@d, Tottori 
Sand Dune, Tottori Pref., Honshu, 9-IX-1979 
(M. Hirota), on I[schaemum anthephoroides (Steud.) 
Miqg.; 522 & 386, 21-VII-1981 (S. Ehara), 
62-2 & 346, 1-IX-1981 (S. E.), 222 & 16, 
26-VII-1983 (S. E.), other data the same as for 
the above; 18, 25-IX-1979 (M.H.), on Pinus 
thunbergii Parlat, locality the same as for the above. 

Additional materials: many 92 & 66, 
Tottori Sand Dune, IX~X-1979 (M.H.), on 
Ischaemum anthephoroides (Steud.) Miq., Digitaria 
adscendens (H. B. K.) Henr., Eragrostis curvula 


Fics. 13 and 14. Amblyseius (Amblyseius) koyamanus Ehara et Yokogawa (3). 13: 


Ventrianal shield. 14: Chelicera. 


Fics. 15 and 16. Amblyseius (Amblyseius) hirotae n. sp. (3). 


16: Chelicera. 


15: Ventrianal shield. 
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(Schrad.) Nees, Pinus thunbergii Parlat., Linaria 
japonica Miq., Vitex rotundifolia Linn., and 
Artemisia capillaris Thunb.; many 22. & @@, 
Okayama City, Honshu, 14~17—X-1983 (Y. 
Okada), on Echinochloa crus-galli (Linn.) Beauv. 
var. crus-galli, Miscanthus sinensis Anderss., 
Eragrostis multicaulis Steud., Digitaria adscendens 
(H. B. K.) Henr., and Avidropogon virginicus Linn. 

Remarks Amblyseius koyamanus was de- 
scribed originally based on females taken from 
graminaceous plants at Koyama, Tottori City. 
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The male of this species is described and figured 
for the first time. 


Amblyseius (Amblyseius) hirotae n. sp. 
(Japanese name: Nise-koyama-kaburidani) 
(Figs. 15-24) 
Amblyseius (Amblyseius) sp.: 


p. 67, figs. 3-6. 
Amblyseius sp.: 


Ehara et al., 1980 [16], 


Ehara, 1983 [17], p. 64. 


Female 


Dorsal shield reticulate, with seven 


Fics. 17-24. Amblyseius (Amblyseius) hirotae n. sp. (2). 17: Dorsum of idiosoma. 18: 


Sternal shield. 
24: Genu, tibia and basitarsus of leg IV. 


19: Posterior ventral surface. 


20-22: Spermatheca. 23: Chelicera. 
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pairs of solenostomes. Setae on dorsal shield: 
L, barbed, much larger than the others; Mz, 
barbed, longer than distance between its base and 
that of L;; L; and Ls barbed; the remaining setae 
smooth. Setae S, and S, on interscutal membrane. 
Peritreme not extending to seta D,; posterior 


extension of peritrematal shield slender, without 


transverse suture. Sternal shield with three pairs 
of setae; metasternal platelets longer than wide. 
Ventrianal shield longer than wide, wider than 
genital shield, with lateral margins slightly concave 
or nearly straight, with three pairs of preanal 
setae; a pair of minute solenostomes behind and 
slightly mediad to posterior pair of preanals. Seta 
VL, barbed. Two pairs of slender metapodal 
platelets. Spermatheca with cervix semicircular. 
Fixed digit of chelicera with seven or eight teeth; 
the movable digit with one tooth. Chaetotaxic 
formula: genu II, 2-2/0, 2/0-1; genu III, 1-2/1, 
2/0-1. Leg IV with one macroseta on basitarsus. 
Measurements in wm: length of idiosoma 400, 
width of idiosoma 250; length of setae (n=10): L; 
27.3+0.5, L, 19.8+0.3, L; 18.3+0.3, L, 30.2+0.4, 
L; 20.8+0.3, Le 29.7+0.4, L, 31.4+0.4, L, 
33.8+0.5, L, 74.0+0.9, M, 13.5+0.2, M, 34.8+ 
0.4, D; 21.8+0.2, D. 13.2+0.2, D3 13.1+0.1, D, 
15.9+0.1, Ds 18.7+0.4, De 12.0+0.2, S, 28.2+0.4, 
S. 26.3+0.4, VL: 48.6+0.8, macroseta on basi- 
tarsus IV 61.0-+0.5. 

Male Setae S, and S, on dorsal shield. 
Peritreme not extending to seta D,. Ventrianal 
shield not fused with peritrematal shield, with three 
pairs of preanal setae; a pair of minute soleno- 
stomes behind and slightly mediad of posterior pair 
of preanals. Fixed digit of chelicera with four 
teeth; movable digit unidentate; spermatodactyl 
as figured. Measurements in pm: length of 
idiosoma 300, width of idiosoma 200; length of 
setae (n=8): L, 25.5+0.6, L. 18.1+0.4, L; 
17.4+0.3, L, 27.2+0.4, L; 19.7+0.4, Le 27.1+0.5, 
L, 30.8+0.7, Le 33.4+1.0, Lo 62.8+1.2, M, 
13.1+-0.3, M2 40.4+0.5, D, 20.1+0.3, D, 12.3+ 
0.2, D; 12.6+0.3, D, 15.0+0.7, Ds 18.3+0.3, Dg 
10.2+0.5, Si 25.5+0.4, S, 22.8+0.5, VL, 41.2+ 
1.0, macroseta on basitarsus IV 57.8-+0.4. 

Type-series Holotype: 2, Tottori Sand 
Dune, Tottori Pref., Honshu, 26—VII-1983 (S. 
Ehara), on Ischaemum anthephoroides (Steud.) Miq. 


Paratypes: 82-2. & 2&6, data the same as for 
holotype; 52-2 & 16, 1-IX-1981 (S. E.), 32.2. 
& 16, 23-X-1979 (M. Hirota), other data the 
same as for holotype; 32-2 & 1&8, 23—X-1979 
(M. H.), on Digitaria adscendens (H. B. K.) Henr., 
39-92., 25-IX-1979 (M.H.), 229, 1-XI-1979 
(M.H.), on Eragrostis curvula (Schrad.) Nees, 
locality the same as for holotype. 

Remarks Amblyseius hirotae n. sp. differs 
from the very closely related A. bicaudus Wainstein, 
1962 [18], in that the cervix of the spermatheca is 
semicircular, whereas in the latter it is nearly 
U-shaped [19, 20]. 


Amblyseius (UIndoseiulus) liturivorus Ehara 
(Figs. 25 and 26) 


Amblyseius (Undoseiulus) liturivorus Ehara, 1982 [5], 
p. 43, figs. 10-18. 


Male Setae S, and S, on dorsal shield. 
Peritreme not extending to level of seta L.. Ven- 
trianal shield not fused with peritrematal shield, 
indented laterad of distinct solenostomes; three 
pairs of preanal setae; paranals flanking anterior 
end of anus. Spermatodactyl as figured. Meas- 
urements in wm: length of idiosoma 310, width of 
idiosoma 240, length of dorsal shield 303, width of 
dorsal shield 208; length of setae (n=2): D, 
30.3, Lz 25.7, Lo 40.0, M, 22575 )Vitiee4aee 
macrosetae on leg IV: genu 38.6, tibia 40.0, 
basitarsus 45.8. 
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Fics. 25 and 26. 
Ehara (3). 
todactyl. 


Amblyseius (Indoseiulus) liturivorus 
25: Ventrianal shield. 26: Sperma- 


Specimens examined Two 22 & 16, 
Taishi, Osaka Pref., Honshu, 30-IX-1982 (K. 
Inoue), on grape (in vinyl house). 

Remarks Amblyseius liturivorus was known 


Phytoseiid Mites from Japan 121 


only from females found on soy bean in a green- 
house of Wakayama Prefecture, Honshu. The 
male is described and figured for the first time. 
The single male specimen studied heren is not in 
good condition. 
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Development of Visual Acuity in the Larval 
Medaka, Oryzias latipes 


HIROKO OHKI and KIyYosHI AOKI 


Life Science Institute of Sophia University, 7-1 Kioicho, 
Chiyoda-ku, Tokyo 102, Japan 


ABSTRACT — Development of visual acuity and 
change in the number of cones in the retina were 
investigated in the larval and adult medaka (0-210 days 
after hatching). The optokinetic responses of the fish 
to black and white vertical striped patterns, which 
rotated around the experimental vessel, were mon- 
itored. The visual acuity, examined behaviorally by 
elicitation of these optokinetic responses, improved 
drastically during the first 2 weeks after hatching; 
subsequent improvement was slower. On the other 
hand, the number of cones per degree in the retinal field 
increased continuously as the fish grew. These data 
indicate that from about the 14th day after hatching to 
the adult stage, the number of cones per degree enhances 
the visual acuity. But during the first 2 weeks after 
hatching, there are other effects as well as the number of 
cones which promote the fast development of the visual 
acuity. 


INTRODUCTION 


Since many newly born fish including medaka 
are fully independent and can freely swim, they are 
always exposed to predatory attack. Therefore, 
vision is important for them to avoid such attack, 
and to detect their prey when they start to search 
for food [1]. 

Ontogeny of visual acuity during growth has 
been investigated both behaviorally and anatom- 
ically in teleosts [2-6]. According to these studies, 
visual acuity develops as the fish grow. The 
anatomical data show that the retinal planimetric 
density of cones (the number of cones per square 
millimeter) decreases slightly with growth, but the 
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enlargement of the lens and of the retina occurs 
more rapidly. Consequently, the number of cones 
per degree in the retinal field increases. This 
means that more cones receive information about 
an object than before, so that the object can be 
perceived in more detail. In other words, the 
visual acuity improves. But in the early larval 
stage, only separate behavioral and anatomical 
studies have been performed, in two species [3, 5]. 

In the present study, we investigated the corre- 
lation, during the larval period of the medaka, 
between the morphological changes of the eye and 
the development of visual acuity as examined by 
behavioral methods. 


MATERIALS AND METHODS 


Larvae and adults of the orange-red variety of 
random-bred medaka Oryzias latipes were used 
throughout the experiments. Spawned eggs were 
incubated as described by Yamagami [7]. The 
larvae were raised at 24.5+3°C in 1.4 liter fresh- 
water tanks on LD 14: 10 light regime and were 
fed with Tetramin fishfood. The stages of the 
medaka are indicated in terms of the days after 
hatching. The mean value of the tip-to-tip body 
length was 4.8mm on the day of hatching, and 
5.7mm on the 30th day, then it increased dras- 
tically and reached 29.8mm on the 179th day. 
Experimental animals were light-adapted at 800 
Ix for at least 3 hr before the experiments. 


Behavioral methods 


Visual acuity determination was performed by 
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elicitation of the optokinetic response in an ex- 
perimental vessel. A screen which showed black 
and white vertical stripes of equal width turned 
around the vessel. The experimental fish pursued 
the moving stripes if they were wide enough to be 
visible [5]. The optokinetic device consisted of a 
triple cylindrical transparent aquarium. The 
diameters of each cylinder were 270 mm, 210 mm, 
and 140 mm and their heights were 120 mm, 100 
mm, and 120mm. The space between the largest 
cylinder and the smallest one was filled with water. 
The inside of the smallest one was covered with a 
white opaque screen, and the outside of the largest 
one was surrounded with a motor-driven rotating 
stimulus screen. The path for the fish was between 
the smallest and the middle one; this path was 
about 30 mm in width and 50 mm in depth. The 
minimum distance from the experimental fish to 
the screen, determined by the space between the 
outer and the middle partitions, was 33 mm and 
the maximum distance was 64mm. The appa- 
ratus was illuminated by fluorescent tubes (350 Ix 
at the subject). An optokinetic response is a 
swimming response in pursuit of the moving 
stripes. Revolutions made by the fish in the 
direction of the screen movement were recorded. 
If a fish shows a complete optokinetic response, 
revolutions made by the fish are equal to those of 
the screen, consequently the relative following 
response (RFR) value is 100%. At any screen 
speed ranging from 44.6 to 348.1 degrees of arc 
per second, the adult fish showed very low RFR 
value to the small stripes providing a visual angle 
of 49.2 min of arc and high RFR value to the 
larger stripes (8.7 and 34.7 degrees of arc). Taking 
account of the swimming ability of the larvae, we 
thus set the screen speed constant, 44.6 deg/sec for 
further experiments. One trial consisted of 30 
sec test period and 30 sec rest period; 5 trials in a 
session were given for one screen. The direction 
of rotation of the screen was reversed for each 
trial. The fish swam a short distance sponta- 
neously in the absence of the screen. To subtract 
the effect of this spontaneous swimming, we 
neglected the RFR value less than 15%, and 
regarded the reaction of the experimental fish as 
an optokinetic response if the fish showed an RFR 
of more, than 15% in one trial. The response 


criterion to a given screen was 3 optokinetic re- 
sponses out of 5 trials, or an average of 99% RFR 
in one session. After the fish reached this criter- 
ion, the screen was exchanged for another one with 
stripes of smaller width. Using these methods, 
we could define the smallest striped screen to which 
the fish showed an optokinetic response above the 
criterion. Six to eight subjects were examined 
for each larval stage. The visual acuity (Ab) 
was calculated using this formula: 

Ab=W/D x 180/z 
where W is the average width of one black of the 
smallest stripes in mm, and D is the minimum 
distance from the screen to the fish, 33 mm. 


Histological methods 


Adult medaka were decapitated and the heads 
containing the eyes were prefixed for about 20 hr 
in 2.0% glutaraldehyde and 2.0% paraformalde- 
hyde in 0.1 M cacodylate buffer solution at pH 
7.4, 4°C. For larva, the whole body was prefixed. 
After washing, the tissue was postfixed for 1.5—2.0 
hr in 1.0% OsO, in the same buffer at room tem- 
perature, dehydrated in an ethanol series and 
embedded in Epon. After being cut with a 
Porter-Blum MT-1 ultramicrotome, sections were 
stained with toluidine blue and observed with a 
light microscope. The retinal field and the 
maximum retinal circumference were measured in 
those horizontal sections of the eye in which the 
cross section of the lens was the largest [8]. First, 
the center of the lens and the orae terminalis, 
which are located on both sides of the lens, were 
determined. Then lines were drawn connecting 
the lens center to the two orae. The angle between 
the two lines was measured with a protractor. 
The extent of the retina was measured at the 
sensory retina/ pigmented retinal epithelium 
boundary. The distance between single cones and 
double cones in tangential section was measured 
through the inner segments of the cones. 


RESULTS AND DISCUSSION 


In the retina of the medaka, the cones are almost 
uniformly distributed. Three kinds of cones 
(long, short, unequal double cone) form a square 
mosaic pattern. The mosaic consists of rows of 
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zig-zagging double cones and rows of alternating 
short and long single cones (Fig. 1). This regular 
pattern remains almost constant throughout the 
retina (except in the peripheral region) in both 
larva and adult eyes, and there is no fovea. 

On the day of hatching, the visual acuity was 
12.0 deg; it improved drastically during the first 
2 weeks after hatching.and reached 6.3 deg. Then 
it improved slowly and reached 4.8 deg at the adult 
stage, from 179 to 210 days after hatching (Fig. 2). 

Since the intercone distance increased according 
to the growth, the retinal planimetric density of 
cones decreased. The maximum retinal circum- 
ference became greater in proportion to the 
growth. The retinal field enlarged, but the rate 
of increase decreased as the fish grew. Thus, the 
extent on the retinal surface per degree of retinal 
field must increase. Therefore, a given object at 
a fixed distance casts a larger image in the larger 
eye. Consequently, although the retinal plani- 
metric density of cones decreased, the number of 
cones which receive the information on the given 


Fic. 1. Tangential section through the inner segments 
of cones in the ventronasal part of the retina of 
adult medaka. The cone mosaic consists of rows 
of zig-zagging double cones (D) and rows of alter- 
nating short (S) and long single cones(L). Vertical 
arrangement of cones is in the direction from 
ventral to dorsal part, and horizontal one is from 
central to peripheral part of the retina. Bar= 
10 um. 
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Fic. 2. Development of visual acuity during growth 
in medaka. The mean value+S.D. calculated 
from 6-8 fish was plotted for each stage. 
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Fic. 3. Change of the number of cones per degree in 
the retinal field during growth. Values measured 
from 8 fish are plotted for each stage. The 
equation in the figure shows the linear regression 
of cone number per visual degree, Y, on days after 
hatching, X (p<0.001, r=0.76). 
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object increased with growth (Fig. 3). This indi- 
cates that in the larval period of the medaka, 
especially from the 14th day after hatching to the 
adult stage, the improved acuity may result from 
the increase of the number of cones per degree in 
the retinal field. And this increase originates in 
an enlargement of the retinal image, which occurs 
more quickly than the increase of intercone 
distance. On the other hand, in the early larval 
stage, during the first 2 weeks after hatching, the 
improvement of the visual acuity was prominent. 
Therefore, not only the increase of the number of 
cones per degree, but also other promoting factors 
affect the development of the visual acuity in this 
stage. Zeutzius and Rahmann [9] found the 
intensive development of synapses in the optic 
tectum during the larval period of the trout. And 
the density of the synapses reached the maximum 
value when the trout larva had obtained optimal 
visual acuity. 

The fast improvement of the visual acuity in 
the early larval stage has been shown in the trout 
[5], and our result agrees with this. The visual 
acuity of the medaka on the day of hatching was 
12.0 deg in our experiment, and that of the trout on 
the 10th day after hatching is 30 deg according to 
Rahmann et al [5]. We cannot compare these two 
values without considering the difference in the 
methods. But since we always neglected the RFR 
value less than 15%, our methods may give weaker 
values than the other ones do. It can be under- 
stood that the visual acuity of the medaka on the 
day of hatching was better than that of the trout 
on the 10th day. This difference may be related 
to the behavior of the larvae. Medaka begin 
their free swimming immediately after birth, so 


good vision is necessary to avoid predatory attack. 
Trout generally lay on the substrate, and are 
nourished exclusively from the yolk sack from 
hatching until about 23 days [5], and good vision 
is not required. 

The schooling behavior of medaka is widely 
known. But we need further study to evaluate 
the extent to which the development of the visual 
acuity influences this behavior. 
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ABSTRACT — The Ca?* dependence in the MSH 
action, known hitherto only with the melanophores of 
some poikilothermal vertebrates, has been examined 
in non-melanophoral motile chromatophores, i.e., the 
erythrophores, xanthophores or leucophores, of two 
species of teleosts. In the normal saline containing 
Ca’*, these chromatophores responded to MSH by 
pigment dispersion. When Ca** was withdrawn, on 
the other hand, the pigment dispersion never took place 
in the presence of the peptide. Thus, the Ca’* 
requirement for the MSH action on chromatophores 
may be a general property at least in teleosts. 


Strong pigment-dispersing action of mel- 
anophore-stimulating hormone (MSH) in mel- 
anophores of poikilothermal vertebrates has 
widely been known [1-3]. In fish, it was recently 
shown that the effect is mediated by the specific 
receptors on the melanophore membrane [4], 
and further that Ca’** is indispensable for its 
action [5, 6]. 

As for the erythrophores and xanthophores, 
there are some studies showing that the pigment 
dispersion in these chromatophores took place in 
response to the hormone [2, 3, 7]. In regard to the 
leucophores, the light-reflecting motile chro- 
matophores, Yamada [8] recently noted that leuco- 
some dispersion occurred when MSH was applied 
in vitro. In those chromatophores, however, the 
dependence on Ca** of the hormone action has 
not been studied. We have tried, therefore, to 
examine whether Ca** is required in the trans- 
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ducing process of the MSH action also on the 
chromatophores other than the melanophores. 

Split dorsal-fin pieces, made according to the 
method of Fujii [9], of the platyfish, Xiphophorus 
maculatus, (red variety), and scales isolated from 
the dorsal trunk of the medaka, Oryzias latipes, 
(orange-red variety) were used as materials. For 
microscopic observations and photometric meas- 
urements of the chromatophore responses, the 
specimens of the former type were held under the 
cover slip as described previously [9]. When a 
scale was held so, its basal part without skin piece 
was inserted between the cover slip and a fine 
glass fiber which had been glued on the slip on both 
sides. The assembly with a skin preparation was 
mounted on a narrow perfusion chamber, which 
was then transferred on the microscope stage. 

As for the photoelectrical recording of the re- 
sponse of chromatophores to a-melanophore 
stimulating hormone (a-MSH, Sigma Chemical, 
St. Louis), we adopted an improved method 
described recently [10]. Other drugs employed 
included: norepinephrine hydrochloride (Sankyo, 
Tokyo) and isoproterenol hydrochloride (Nikken 
Chemicals, Tokyo). Their stock solutions were 
freshly diluted with the physiological saline, which 
had the following composition (mM): NaCl 128, 
KCI 2.7, CaCl, 1.8, MgCl, 1.8, D-glucose 5.6, 
Tris-HCl buffer 5.0 (pH 7.2). The Ca’*, Mg’*- 
free saline was prepared by omitting CaCl, and 
MgCl, from the recipe, to which EDTA (3.0 mM, 
3Na-salt) was added. The reason why Mg’* was 
also withdrawn was that the cation partly replaces 
Ca’* in the action on melanophores [5]. All 
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Fic. 2. Jn vitro demonstration that a leucophore on an Oryzias scale also responded to a- 
MSH (1077 M) by the pigment dispersion only when Ca?* is present in the medium. In 


Ca?t-free saline, the pigment exhibited no centrifugal movement. 
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dispersion is expressed as percentage of the maximal response finally caused by 10°° M 


isoproterenol (Iso). 


the experiments were done at room temperature 
between 25 and 27°C. 

In the normal saline containing Ca’*, as shown 
in the left part of Figure 1, MSH (10°7 M) was 
effective in inducing pigment dispersion even in 
the presence of norepinephrine in Xiphophorus 
erythrophores, in which the pigment had pre- 
viously been aggregated by a weak solution of 
the amine (5x10°°M). In the absence of Ca’*, 
on the other hand, the peptide of the same strength 
did not arouse the response (Fig. 1, right part). 
Xanthophores on the scales of the medaka re- 
sponded just as the same way as the erythrophores 
of the platyfish did. 

Ca** was also found to be requisite for the MSH 
action on the leucophores in the scale skin of the 
medaka, which represent the motile light-reflecting 
chromatophores (Fig. 2). Thus, a _ definitive 
requirement of Ca** for the action of MSH has 
been demonstrated widely among sorts of motile 
chromatophores existing in fishes. 

Since, further, the ion was also needed for the 
MSH-induced melanosome dispersion in some 


amphibians and reptiles [11], the Ca’* dependence 
of the pigmentary action of MSH seems to be a 
general rule applicable throughout the poikilo- 
therms. On the contrary, Oshima et al. [12, and 
unpublished observations] have found that Ca’* 
was not required in the action on varieties of 
fish chromatophores of melanin-concentrating 
hormone (MCH), which is another hormone 
stimulating the centripetal movement of mel- 
anophore inclusions in teleosts [13, 14]. In spite 
of the fact that those two kinds of hormones are 
alike peptides, and secreted from the same gland, 
the pituitary, the mode of interaction with their 
specific receptors must be quite different with each 
other at least in fishes. The present results, 
therefore, provide not only further information on 
the mechanism of action of MSH, but also a key 
for the understanding of the action of the antag- 
onizing peptide, MCH. 
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ABSTRACT — Spontaneous papillomas and various 
regions of the non-neoplastic skin of the adult Japanese 
newt were analyzed to determine their diamine and 
polyamine contents. Putrescine, cadaverine, sper- 
midine, spermine and sym-homospermidine were 
detected in all the specimens analyzed. In the pap- 
illoma putrescine was most abundant among the 
polyamines examined, its concentration being nearly 
5 times higher than that in the control skin. The 
cadaverine level was also 5 times higher in the pap- 
illoma, though the concentration of this diamine was 
much lower than that of putrescine. The levels of both 
spermidine and sym-homospermidine in the papilloma 
were significantly higher than those in the control skin. 
The spermine level in the papilloma was slightly but 
significantly lower than that in the control skin. Thus, 
the polyamine distribution pattern in the newt pap- 
illoma was found to be quite different from that of most 
mammalian tumors. 


Although spontaneous tumors are rather un- 
common in amphibians [1], spontaneous skin 
papillomas were reported in the Japanese newt, 
Cynops pyrrhogaster by several groups of in- 
vestigators [2-5]. Since virus-like bodies had 
been found in the cytoplasm of the papillomas, 
it was suggested that virus could be the causative 
agent of the neoplasm [4, 5]. 

Amphibian tissues are quite unique in that they 
contain both sym-homospermidine (homosper- 
midine) and cadaverine as normal constituents in 
addition to the common polyamines, putrescine, 
spermidine, and spermine [6-8]. The levels of 
both putrescine and spermidine in the newt 
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rose sharply during regeneration, while other 
polyamines showed only minimal changes [7]. 
The testicular level of cadaverine is inversely 
related to that of other polyamines throughout the 
year [8], suggesting that the cadaverine metabolism 
is regulated independently in the newt testis. 
Biosynthesis and metabolism of polyamines in 
mammalian tumors have been well documented 
[9], while there is no report on polyamines in 
amphibian tumors to the best of our knowledge. 
These data prompted us to assay polyamines in 
the new papillomas. 


MATERIALS AND METHODS 


Adult Japanese newts, Cynops pyrrhogaster 
pyrrhogaster, were collected in the suburbs of 
Sendai, north-east Japan. Control and neoplastic 
skins were homogenized in 4 volumes of cold 0.5 N 
perchloric acid. After centrifugation, the super- 
natants were taken for polyamine determination. 
Polyamine analysis was performed as described 
previously [10]. Briefly, polyamines were 
separated and determined by the use of high- 
pressure ion-exchange chromatography fitted with 
a fluorometric detection system. Polyamines were 
separated within 50 min with a 3-buffer system. 
Free amino acids were first eluted by buffer 1 
(pH 5.55) which contained 0.35 N_ potassium 
citrate,0.5 M KCland 2% n-propanol. Diamines, 
histamine, spermidine, and homospermidine were 
eluted by buffer 2 (pH 5.63) which contained 
0.35 N potassium citrate, 2.1M KCl and 2% 
n-propanol. Norspermine and spermine were 
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eluted by buffer 3 (pH 5.73) which contained 0.35 N 
potassium citrate, 2.4 M KCI and 2% n-propanol. 
The polyamines were detected fluorometrically 
following the formation of o-phthalaldehyde 
derivatives. 


RESULTS AND DISCUSSION 


Only a few were found to possess papillomas out 
of thousands of newts collected. Papillomas were 
observed on almost all regions of the body surface 
of the newts. Control tissues were, therefore, 
harvested from various parts of the skin of tumor- 
bearing newts. Two diamines (putrescine and 
cadaverine) and three polyamines (spermidine, 
spermine, and homospermidine) were all detected 
in both control and neoplastic skins. Since the 
concentrations of polyamines in the control skins 
collected in spring were generally higher in the 
male newt than in the female (Table 1), papillomas 
were harvested only from male newts. The con- 
centrations of putrescine, cadaverine, spermidine 
and homospermidine were all higher in papillomas 
than in control skins which were harvested in the 
spring (Fig. 1). There was no significant dif- 
ference in the polyamine contents between intact 
newt skins and control skins (data not shown). 
The putrescine concentration was about 5 times 
higher in papillomas than in the control skins. 
The cadaverine level was also nearly 5 times higher 
in papillomas, though its concentration was much 
lower than the putrescine concentration. The 
spermine level was slightly but significantly lower 
in the papillomas. Consequently, the molar 
ratio of spermidine to spermine was much greater 
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in the papillomas. Essentially the same results 
were obtained in the papillomas harvested in 
autumn (data not shown). 

In rapidly-growing mammalian tissues including 
neoplasms, the polyamine biosynthesis is greatly 
increased and polyamine levels are elevated [9]. 
Among the enzymes involved in polyamine 
biosynthesis, ornithine decarboxylase is the first 
and rate-limiting enzyme and shows great fluc- 
tuations in response to various growth stimuli [9]. 
The rise in polyamine levels has been observed also 
in amphibian growing tissues such as regenerates 
fi; Ub 

It is worth noting that the polyamine profile of 
the newt papilloma is quite different from that of 
mammalian tumors. Even in rapidly growing 
tumors, the concentration of putrescine rarely 
exceeds that of spermidine in mammals, while in 
the newt papilloma the putrescine concentration 
was extremely high. In mammalian tumors, 
homospermidine has never been detected, and the 
ratio of spermidine to spermine is much smaller 
than in the newt papilloma [9]. The newt papil- 
loma is, however, characterized by a very high 
concentration of putrescine and of elevated levels 
of cadaverine and spermidine. The rise in the 
homospermidine level was only minimal in the 
papilloma. In contrast, the spermine level in the 
tumor was lower than that in the control skin. In 
mammalian tumors the spermine level is unchanged 
or slightly elevated [9]. 

The increase in the putrescine, spermidine and 
homospermidine contents and the decrease in the 
spermine content were also noted in Xenopus 
regenerates [11], which showed enhanced mitotic 


Sex difference in polyamine contents of the intact newt skin 


TABLE 1. 

Polyamine Male (8) 
Putrescine 704+ 54? 
Cadaverine 39+ 2 
Spermidine 864+55 
Spermine 127+10 
Homospermidine 214+18 


Female (8) Difference 
IS se27 P<0.001 
21+ 3 P<0.001 
599 +73 P<0.02 
116-+13 NS 
176+26 NS 


Pooled intact newt skins from 8 male and 8 female newts were analyzed for their 


polyamine contents. 


NS, statistically non-significant. 


Tissues were homogenized in 4 volumes of 0.5 N perchloric 
acid. Polyamine levels were expressed as nmol/g wet tissue. 


a, mean--SEM; 
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Fic. 1. Polyamine levels in the newt papilloma. 
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In spring 1980, 4 papillomas were harvested 


from 4 different male newts; one of them was found on the head, two on the limbs and the 


other on the tail. 
surface of tumor-bearing male newts. 
cadaverine; Spd, spermidine; 


standard error, respectively. *, P<0.05, 


proliferation. In newt regenerates the increase in 
both putrescine and spermidine content was most 
marked, while the drop in the spermine level was 
not clear [7]. 

The rise in the cadaverine level of the newt 
papilloma was rather unexpected. In the newt 
there was an inverse relationship between the 
testicular level of cadaverine and that of other 
polyamines [8]. On the basis of these data, we 
postulated that cadaverine biosynthesis and 
metabolism might be regulated differentially in the 
newt testis and that cadaverine was formed by 
specific lysine decarboxylase. The cadaverine 
concentration in newt regenerates was rather lower 
than that in intact tissues [7]. In mammalian 
tissues, however, both putrescine and cadaverine 
are formed by the same ornithine decarboxylase, 


The control skin specimens were harvested from various parts of the body 
Abbreviations used are: 
Spm, spermine; 
in parentheses show the number of determinations. 
**_ P<0.001 when compared to the control skin. 


Put, putrescine; Cad, 
Homospd, sym-homospermidine. Figures 
Columns and bars indicate mean and 


though much less cadaverine is formed [12, 13]. 
Since there is parallelism between the putrescine 
levels and the cadaverine levels in the newt skin, 
it is not improbable that these two diamines are 
formed by the same enzyme as in mammalian 
tissues [12, 13]. 

Homospermidine occurs in various tissues of 
amphibians and reptiles [6-8, 11]. Recently this 
polyamine was found in the hamster epididymis 
[10]. The concentration of this polyamine in these 
vertebrate tissues shows only minimal changes 
under varied physiological and _ pathological 
conditions. The biological significance of homo- 
spermidine remains to be clarified. 
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ABSTRACT — The mixture of Karnovsky’s paraform- 
aldehyde-glutaraldehyde fixative with tannic acid 
followed by Dalton’s chrome-osmium fixative revealed 
that the zonae pellucidae of rat follicular oocytes 
consisted of 4-7 nm-diameter filamentous materials 
and 15-20 nm-diameter particulate materials. On the 
other hand, the extracellular matrix materials of the 
follicle cells were mainly made up of nodular materials 
measuring about 20-30 nm in diameter. 


The zonae pellucidae (ZP) surrounding the 
plasma membrane of fully grown mammalian 
oocytes are mainly made up of glycoproteins [1-3]. 
They appear to have some roles in the species- 
specific binding of sperm to egg, the blockage of 
postfertilization polyspermy, and the protection 
of developing embryos passing down the oviduct 
to the uterus [4~6]. 

In standard electron microscopy, ZP have been 
observed as electron-dense amorphous materials 
[7, 8] or fine filamentous materials with occasional 
small particles [9]. However, it remains uncertain 
whether these observations indicate the real 
ultrastructure of ZP, since the standard double- 
fixation method using glutaraldehyde and osmic 
acid is unable to reveal the structure and specific 
location of glycocalyx with any degree of con- 
sistency. 

In this study, the mixture of Karnovsky’s 
paraformaldehyde-glutaraldehyde fixative with 
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tannic acid is used to investigate the ultrastructure 
of ZP in growing rat oocytes. This mixture has 
been shown to be a simple and good fixative for 
several cellular components including extracellular 
matrix materials [10]. 


MATERIALS AND METHODS 


From 10-day-old females of Wistar-strain rat, 
the ovaries were removed and quickly excised into 
small pieces in a Hank’s solution (pH 7.4). For 
the standard electron microscopy, they were pre- 
fixed with Karnovsky’s paraformaldehyde- 
glutaraldehyde fixative (cacodylate-buffered at pH 
7.4) for 1 hr at room temperature, and post-fixed 
with Dalton’s chrome-osmium fixative (pH 7.2) 
for 1 hr at 4°C. This method was called the 
PG—CO fixation. Other groups of tissue pieces 
were pre-fixed with Karnovsky’s fixative con- 
taining 2% tannic acid (J. T. Baker Chem. Co.) 
for 3 hr at room temperature, and post-fixed with 
Dalton’s fixative. This method was called the 
PG+TA—CO fixation. Epon-embedding was 
done using Quetol 812. 

Ultrathin sections of all the materials were 
double-stained with a routine method using urany! 
acetate and lead nitrate, and examined with a 
JOEL JEM 100B electron microscope at 80 kV. 


RESULTS 


In the small unilaminar follicles where oocytes 
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were enveloped by a single layer of flattened 
follicle cells, the plasma membranes of follicle 
cells and oocytes were closely located, with inter- 
cellular spaces of 18-25 nm in width. After the 
PG—CO fixation, only some electron-light amor- 


phous materials were observed in these intercellular 
spaces (Fig. 1). After the PG+TA—CO fixation, 
however, nodular materials measuring about 20- 
30 nm in diameter filled these spaces. The same 


nodules were also found in the intercellular spaces 
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Fic. 6. The outermost area of zona pellucida of the PG +TA—CO-fixed plurilaminar follicle. Arrows indicate 
the interconnection between the filamentous materials of zona pellucida (ZP) and the extracellular matrix 


materials of the follicle cell (FC). 105,000. 


of neighboring follicle cells (Fig. 2). 

In the early growing follicles where follicle cells 
had grown into somewhat cuboidal cells, various- 
sized clefts were formed in the intercellular spaces 
between the oocytes and the surrounding follicle 
cells. In these clefts, ZP materials had been 
accumulated in various degrees on the oocyte’s 
surface. After the PG+TA—CO fixation, ZP 
appeared to consist of filamentous materials 
measuring about 4-7 nm in diameter and particu- 
late materials measuring about 15-20nm in 
diameter (Figs. 3, 5 and 6). On the surface of 
follicle cells, numerous fuzzy extracellular matrix 
materials (ECM) consisting of 20-30 nm nodules 
were present (Fig. 3). 

After the PG—CO fixation of the plurilaminar 
follicles, ZP were observed as accumulations of 
fine filamentous materials with occasional particu- 


late materials. The ECM of the follicle cells were 
observed as nodules of about 15-25 nm in diam- 
eter (Fig. 4). After the PG+TA —CO fixation, 
however, ZP were observed to be made up of com- 
plicatedly-reticulated 4-7 nm filaments and inter- 
mingled 15-20 nm particles. The same 15-20 nm 
particles were frequently attached to the surface 
of oocytes (Fig. 5). At the outermost area of ZP, 
the nodular ECM of the follicle cells were fre- 
quently interconnected with the filaments of ZP 
(Fig. 6). 


DISCUSSION 


Tannic acid in glutaraldehyde solution as a 
fixative for electron microscopy has widely been 
used to enhance electron density in a variety of 
cellular structures such as microtubules, micro- 


Fic. 1. Amorphous materials (arrow) in the intercellular space between the oocyte (Oc) and the follicle cell 
(FC) of the PG—CO-fixed small unilaminar follicle. 81,000. 

Fic. 2. Nodular materials (arrows) in the intercellular spaces between the oocyte (Oc) and the follicle cell (FC) 
and also between the neighboring follicle cells of the PG + TA—CO-fixed small unilaminar follicle. 95,000. 

Fic. 3. Cleft in the intercellular space between the oocyte (Oc) and the follicle cells (FC) of the PG +TA—CO- 
fixed early-growing unilaminar follicle. Zona pellucida materials (ZP) and the extracellular matrix materials 
of the follicle cells (arrow) are seen in this cleft. 53,200. 

Fic. 4. Zona pellucida materials (ZP), and the extracellular matrix materials of the follicle cell (arrow), in the 
PG—CO-fixed plurilaminar follicle. 37,500. 

Fic. 5. The surface of the oocyte (Oc) in the PG+TA—CO-fixed plurilaminar follicle. Filamentous materials 
(F) and particulate materials (P) are seen in the zona pellucida. Arrow indicates the attachment of particulate 
materials to the oocyte surface. x 105,000. 
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filaments, membranes, membrane junctions, and 
extracellular matrix materials. Tannic acid is 
considered to serve as a mordanting agent between 
Osmium-treated structures and lead stains, as well 
as to stabilize some tissue components against 
extraction resulting from dehydration and subse- 
quent processing for electron microscopy [11]. 
In the present study, the PG+TA—CO fixation 
method revealed that the ZP in rat oocytes consist 
of filamentous and particulate materials. Since 
it has been shown that the standard fixation method 
using glutaraldehyde and osmium tetroxide for 
electron microscopy results in a considerable 
extraction of glycoproteins from tissues during 
fixation and subsequent dehydration processes [12], 
these filamentous and particulate materials in the 
ZP might be largely extracted in the materials 
treated with the PG—CO fixation method. 
Baranska et al. [13] also reported that the ruthe- 
nium red-stained ZP of unfertilized mouse eggs 
consist of fibrillar and granular materials. From 
the facts that ruthenium red visualizes polyanion 
molecules, and that large quantities of polyanion 
compounds in the ZP are mucopolysaccharides, 
these authors have considered that these fibrillar 
and granular materials may represent mucopoly- 
saccharides [13]. However, since tannic acid is 
considered to react equally with glycoproteins and 
mucopolysaccharides [10, 14], the precise nature of 
filamentous and particulate materials observed in 
the PG+TA—CO-fixed ZP must await further 
elucidation. 

The present study also revealed that the compo- 
nents of ZP are morphologically different from the 
ECM of follicle cells. This finding well accords 
with the previous work of Kang [16], where he 
used the chromic phosphotungstic acid method for 
staining carbohydrates, and reported that there are 
distinct differences in the appearance and chemical 
nature between the ZP and the glycocalyx of follicle 
cells in rat ovarian oocytes. These facts suggest 
that ZP are the product of oocytes rather than of 
follicle cells, a hypothesis previously proposed by 
many investigators [1, 15,16]. In the present 
study, however, the possibility that the ECM of 
follicle cells may also participate in the formation 
of ZP cannot be excluded, since these ECM were 
closely interconnected with the ZP materials at the 


outermost area of ZP. Baranska et al. [13] showed 
that two layers can be distinguished in the ruthe- 
nium red-stained ZP of unfertilized mouse eggs, 
the external layer of which is much thinner and 
denser than the internal layer. Nicolson e¢ al. 
[17] also showed that the receptors for some kinds 
of lectins are predominantly localized in the outer 
regions of ZP in hamster, mouse and rat eggs. 
Moreover, some morphological dissimilarities 
between the external and internal surfaces of ZP 
in hamster and mouse oocytes have been observed 
by the scanning electron microscopy [18, 19]. 
The ECM of follicle cells may have a role in pro- 
ducing these different properties between the outer 
and the inner regions of ZP. 
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ABSTRACT — Plasma membrane fractions were 
prepared from the embryos of sea urchin, Hemicentrotus 
pulcherrimus, at one-cell, hatched blastula and prism 
stages. The plasma membrane fractions, which were 
essentially free from yolk and other organelles as 
assessed by electron microscopy and which possessed 
5’-nucleotidase activity, showed a considerable activity 
of adenylate cyclase that was insensitive or only weakly 
sensitive to fluoride ions. Adenylate cyclase activity 
was also found in the fractions other than plasma 
membranes, and the enzyme activities in these fractions 
were markedly stimulated by fluoride ions. Contrary 
to a previous report, adenylate cyclase activity in sea 
urchin embryos increased with development at least 
up to prism stage. A possible lack of a regulatory 
subunit from adenylate cyclase system in plasma 
membranes was discussed. 


INTRODUCTION 


During the early development of sea urchin 
embryos, a variety of junctions between cells 
develop as early as 4-cell stage [1]. Such intercel- 
lular contacts, which occurred primarily on the 
cell surface of embryos, may be possibly involved 
in the regulation of differentiation [2, 3]. 

Various alterations which occur on_ the 
cell surface have been related to changes in 
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physiological activities of plasma membranes, such 
as adenylate cyclase [4,5]. Moreover, cyclic 
AMP has recently been shown to play a significant 
role in mammalian tissue growth and develop- 
ment [6-8]. 

As a preliminary step for the elucidation of the 
role of cyclic AMP in the regulation of cell pro- 
liferation and differentiation in sea urchin embryos 
at early developmental stages, in the present study, 
adenylate cyclase activities in plasma membrane 
fractions of sea urchin embryos at one-cell, hatched 
blastula and prism stages were compared in the 
presence or absence of fluoride ions. 


MATERIALS AND METHODS 


Eggs and sperm were spawned by 0.5M KCl 
treatment of sea urchin, Hemicentrotus pulcher- 
The fertilized eggs were cultured at 20°C 
and collected just after fertilization (one-cell), at 
12 hr (hatched blastula) and 36 hr (prism). 

Plasma membranes were isolated according to 
the method of Ray [9] with some modifications. 
Briefly, packed embryos were suspended in 10 
volumes of 1mM _ sodium bicarbonate buffer 
(pH 7.5) containing 2mM CaCl,. After standing 
for 15 min in an ice-bath, the embryos were homo- 
genized in a Dounce homogenizer with 25 strokes. 
The homogenate was diluted by the addition of 
100 volumes of the buffer and spun down (1,500 x 
g,15min). This process was repeated once more. 


rimus. 
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The final pellet was suspended in 600 ml of the 
buffer and the suspension was centrifuged at 300 x g 
for 10 min to precipitate nuclei and cell debris. 
The supernatant was centrifuged at 2,000 x¢g for 
15 min to pellet the crude nuclear fraction (Fr. 
HP). The pellet was suspended in 48% sucrose 
solution (d=1.22), and the suspension was layered 
by 45% (d=1.20), 41% (d=1.18) and 37% (d= 
1.16) sucrose solution, successively. After cen- 
trifuging the whole system at 25,000 rpm for 2 hr 
in a Beckman SW 25-1 rotor, the pellet at the 
bottom (Fr. IV) and the precipitates at the inter- 
phase between 48% and 45% sucrose (Fr. IID), 
between 45°% and 41% (Fr. II) and between 41% 
and 37% (Fr. I) were obtained. Ali fractions were 
washed twice with deionized water and then used 
in the following experiments. 

Electron micrography was carried out on the 
thin sections of each fraction embedded in Epon 
after fixation with 2°, OsO, in 80 mM cacodylate 
buffer (pH 7.4). 

5’-Nucleotidase activity was measured according 
to the method of Ipata [10], using 0.2 mM AMP 
as a substrate at pH 8.0. 

Adenylate cyclase assay was carried out as 
detailed elsewhere [5]. Briefly, each fraction was 
incubated with 0.3mM ATP at 37°C for 15 min 
under the conditions of Rall and Sutherland [11]. 
Then, the cyclic AMP formed was determined 
according to the method of Gilman [12] with a 
partially purified cyclic AMP binding protein. 

Protein was assayed by the method of Lowry 
et al. [14] with bovine serum albumin as a standard. 

ATP, AMP, 3’, 5’-cyclic AMP,  phospho- 
diesterase and pyruvate kinase were purchased 
from Boehringer-Mannheim, FRG. Adenosine 
deaminase (type IIIT) and bovine serum albumin 
(Fraction V) were from Sigma Chem. Co., USA. 
[H]Cyclic AMP (30 Ci/mmol) was purchased 
from the Radiochemical Centre, UK. 


RESULTS AND DISCUSSION 


Morphology and 5’-nucleotidase activity of plasma 
membrane fractions 


As shown in Figure 1, electron microscopic 
observation shows that Fr.I and Fr. II consist 


mainly of membraneous components, irrespective 
of the developmental stages of the embryos. 
These two fractions were essentially free from the 
other organelles, and showed no significant mor- 
phological differences from each other, while 
Fr. III and Fr. [IV were heavily contaminated by 
cytoplasmic components such as yolk granules 
(data not shown). The separation of the mem- 
braneous components into two fractions (Fr. I 
and Fr. IT) with different buoyant densities may be — 
due to the presence of hyaline layer materials 
stuck to some of the plasma membranes [15]. 

When 5’-nucleotidase activity, a marker enzyme 
for plasma membranes, was compared among 
various membrane fractions of hatched blastula, 
it was found that the enzyme activities were 16- 
fold and 35-fold higher in Fr. I and in Fr. II, 
respectively, than in Fr. HP which showed only 
weak 5’-nucleotidase activity (4.1 nmol AMP 
hydrolyzed/mg protein/hr). The 5’-nucleotidase 
activity in sea urchin embryos is much lower even 
at pH 8.0 than the activities reported in other 
tissues [16]. The present result, however, agrees 
well with the previous reports for sea urchin 
embryos [15, 17]. These data indicate that Fr. I 
and Fr. II are highly enriched with plasma meni- 
branes. 


Adenylate cyclase activity of plasma membrane 


fractions 


Adenylate cyclase activity was found in every 
fraction (Fr. HP and Fr.I to IV) obtained from 
one-cell stage, hatched blastula and prism-stage 
embryos, as shown in Figure 2. The basal activity 
which was determined in the absence of fluoride 
ions increased with development, and was relatively 
higher in Fr.I and Fr. II than in Fr. III and 
Fr. IV. The localization of adenylate cyclase in 
Fr.I and Fr. II was more prominent in prism- 
stage embryos, indicating that adenylate cyclase is 
mainly located in plasma membranes. 

The addition of 10mM fluoride ions to the 
reaction mixture failed to stimulate adenylate 
cyclase activity in Fr. I, and only slightly stimulated 
the enzyme activity in Fr. II, while it caused marked 
stimulation of the enzyme activity in Fr. III and 
Fr.IV. The stimulatory effect of fluoride ions 
on adenylate cyclase was most marked in Fr. IT], 
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Fic. 1. 


METHODS. Each fractions were fixed with 2°% OsO, and embedded in Epon. 


1 wm). 


and the fluoride effect tended to decrease towards 
the both directions of the sucrose gradient. The 
fluoride sensitivity of the enzyme in Fr. III and 
Fr. IV increased with development. 

The insensitivity of adenylate cyclase in plasma 
membranes (Fr. I and Fr. II) of sea urchin embryos 
to fluoride ions may be interpreted to show that 
the plasma membrane-bound adenylate cyclase 
system of sea urchin embryos lacks G/F factor 
[18] or Ns factor [19], which is known to act as a 
regulatory component of adenylate cyclase. The 
presence of the similar type of adenylate cyclase 
system has been recently reported on bull sperm 


Electron micrographs of Fr. I and Fr. II from sea urchin embryos at various developmental 
stages. Fr. I (A, C, E) and Fr. II (B, D, F) were prepared from sea urchin embryos at one-cell 
stage (A, B), hatched blastula (C, D) and prism (E, F) stages as detailed in MATERIALS AND 


x 17,000 (Bar; 


[20] and ram sperm [21]. 

Whether or not the fluoride-sensitive and 
-insensitive adenylate cyclase systems are inter- 
convertible each other or how they are functionally 
differentiated remains to be clarified. 

Castaneda and Tyler [22] reported that the basal 
adenylate cyclase activity in the crude membrane 
fraction of sea urchin embryos, which was almost 
comparable to Fr. HP in the present study, in- 
creased gradually after fertilization, reaching a 
plateau level 30min after fertilization. In the 
present study, however, the adenylate cyclase 
activity in the fractions enriched with plasma 
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Fic. 2. Developmental stage-dependent changes of adenylate cyclase activity in membraneous fractions 


The fractions (Fr. HP, Fr. I, Fr. II, Fr. If] and Fr. IV) were prepared from 


sea urchin embryos at one-cell stage (O), hatched blastula (B) and prism (P) stages, as detailed in 
MATERIALS AND METHODS. Adenylate cyclase activity in the presence (O) and absence (@) 
of 10mM NaF. The deviation in duplicate determinations was within 5% of the average. 


membranes continued to increase up to prism- 
stage. 

The mechanism and biological significance of 
the increase in the adenylate cyclase activity in 
plasma membranes during early development are 
difficult to explain at present. Since the changes 
in cell surface architecture are closely related to 
alterations of various physiological functions 
[4, 5], the increase in the adenylate cyclase activity 
may reflect the establishment of cell-to-cell contacts 
through the formation of various junctional 
complexes [1] and/or through various extracellular 
matrix components [23]. 
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ABSTRACT —In the snake, Elaphe quadrivirgata, 
the acute effects of 1-34 human parathyroid hormone 
(1-34 hPTH) on plasma Ca and inorganic phosphorus 
were studied using young and aged animals. High 
dose (500 U/kg bw) of 1-34 hPTH caused significant 
hypercalcemia from 3 to 12 hr and from 3 to 24hr 
after administration in young and aged snakes, re- 
spectively. The hypercalcemia induced by 1-34 
hPTH in young snakes was more rapid in onset and 
higher in magnitude but shorter in duration than those 
in aged snakes. In aged snakes significant hypophos- 
phatemia was observed from 3 to 6hr after admin- 
istration of 500 U/kg bw of 1-34 hPTH. These results 
suggest that 1-34 hPTH is effective on snakes for in- 
ducing hypercalcemia and hypophosphatemia. Both 
magnitude and time-course of the induced hyper- 
calcemia are age-related in snakes. 


Recent studies on the parathyroid gland and 
parathyroid hormone (PTH) in reptiles showed 
that parathyroidectomy causes hypocalcemia and 
hyperphosphatemia, and that the administration of 
mammalian parathyroid extract causes hyper- 
calcemia and hypophosphatemia [1-3]. In rep- 
tilian species, however, no information is available 
for 1) hypercalcemic or hypophosphatemic effect 
of 1-34 PTH, 2) acute effect of PTH on plasma Ca 
and inorganic phosphorus (Pi) levels, and 3) age- 
related changes in hypercalcemic effect of PTH. 
Therefore, it would be interesting to examine the 
effects of 1-34 PTH on these points in snakes. 
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MATERIALS AND METHODS 


Adult males of the rat snake, Elaphe quadri- 
virgata (Boie), were obtained from a commercial 
source within a day after capture. The snakes 
66-163 and 216-326 g in body weight were desig- 
nated here as young and aged snakes, respectively. 
According to Fukada [4], the former is about 1.8 
years of age and the latter is about 2.8 or 3.8 years 
of age. They were kept in cages with water for 
one to two weeks before use at 26+2°C. The 
experiments were performed from June to July. 

After anesthesia with ether, snakes were cannu- 
lated with polyethylene tubings (PE 10) in the 
vertebral artery and a branch of the left jugular 
vein. Blood samples were obtained from the 
former, and the administrations of hormone or 
0.9% NaCl were conducted to the latter. 

Synthetic 1-34 human PTH (1-34 hPTH, 3000 
MRC U/mg, Peptide Institute, Protein Research 
Foundation, Osaka) was dissolved in 0.9% NaCl. 

Blood samples were collected in heparinized 
hematocrit capillary tubes just before and at 3, 6, 9, 
12 and 24hr after the administration of 1-34 
hPTH. Plasma Ca and Pi levels were determined 
by atomic absorption spectrophotometry and 
colorimetry according to the method of Fiske and 
Subbarow [5], respectively. 

The first experiment was carried out to determine 
the magnitude and time-course of hypercalcemia 
induced by various doses of 1-34 hPTH using 
young snakes. Snakes were divided into four 
groups, each group receiving 20, 100, 500 MRC 
U/ml/kg bw of 1-34 hPTH of 1 ml/kg bw of 0.9% 
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NaCl. The second experiment was carried out 
to learn the hypercalcemic and hypophosphatemic 
effects of 1-34 hPTH on aged snakes. Snakes 
received either 1 ml/kg bw of 0.9% NaCl or 500 
MRC U/ml/kg bw of 1-34 hPTH. 

The differences in values of plasma Ca and Pi 
after administration of 1-34 hPTH or 0.9% NaCl 
from the initial value were expressed as 4 plasma 
Ca and J plasma Pi, respectively. 


RESULTS 


Body weight and initial plasma Ca and Pi levels 
in young and aged snakes are shown in Table 1. 
The difference of initial plasma Ca between young 
and aged snakes was statistically not significant. 

The magnitude and time-course of 4 plasma Ca 
in young snakes after the administration of 0.9% 
NaCl or various doses of 1-34 hPTH are shown in 
Figure 1. The administration of 20 U of PTH did 
not cause significant changes of J plasma Ca. 
However, snakes which received 100 or 500 U of 
PTH showed significantly large J plasma Ca from 
3 to 12 hr after administration. The maximum 4 
plasma Ca was observed at 6 hr after administra- 
tion in each group. Then J plasma Ca was 
decreased gradually in snakes which received 100 U 
of PTH. However, snakes which received 500 
U of PTH maintained the maximum level until 12 
hr after administration, but at 24 hr J plasma Ca 
significantly decreased (P<0.01). As shown in 
Figure 1, the hypercalcemic response caused by 
1-34 hPTH showed a dose-response relationship. 

As shown in Figure 2, 4 plasma Ca in aged 
snakes receiving 500 U of 1-34 hPTH was signifi- 
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Fic. 2. Plasma Ca and Pi changes (mg/100 ml) from 
the initial values in the aged snakes following iv 
administration of 0.9% NaCl or 500MRC 
U/kg bw of 1-34 hPTH. 


TABLE 1. Body weight and initial plasma Ca and Pi levels in young and aged snakes 
oe ; No. of Body weight Ca Pi 
Snakes Administration Sanres (g) (mg/100 ml) (mg/100 ml) 
0.9% NaCl 5 115.2+13.3° 13.74+0.16 — 
Young 20 U? 5 100.0+10.8 14.31 +0.32 — 
1-34 hPTH 100 U 6 100.8+11.7 14.20+0.42 — 
500 U 5 82.4+ 7.2 13.83+0.17 — 
Aged 0.9% NaCl 6 264.0+16.6 14.42+0.25 4.35+0.40 
1-34 hPTH 500 U 6 263.0+ 9.5 14.03 +0.24 4.55-+0.46 
* Unit per kg body weight. ° Mean-+SE. 
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TABLE 2. Difference of magnitude of plasma Ca in responses to PTH in young and aged snakes 


Hours after PTH or control 


saline administration 3 6 9 12 24 
4 plasma Ca Young +1.55 +2415 +2.03 +2.09 +0.79 
PTH administered - Control . 
(mg/100 ml) Aged +0.65 +1.69 +1.24 +1.53 +1.16 


cantly higher than that in the control snakes at all 
experimental periods. The plasma Ca increased 
to a maximum level at 6 hr after administration 
and this level was kept until 24 hr. However, the 
difference of J plasma Ca levels in young and aged 
snakes 3 hr after the administration of 500 U 
of 1-34 hPTH is statistically significant (P<0.05). 
This indicates that the onset of responses to 1-34 
hPTH is more rapid in young snakes than in aged 
animals. Comparison of 4 plasma Ca changes 
after the administration of 500 U of PTH between 
young and aged snakes shows that the magnitude 
of responses was higher in young snakes than in 
aged animals (Table 2). 

On the other hand, slight but significant low 4 
plasma Pi was observed from 3 to 6 hr after ad- 
ministration (Fig. 2). Then 4 plasma Pi in 1-34 
hPTH-treated group was gradually recovered to 
the control level. 


DISCUSSION 


It is believed that the native PTH of mammals 
is comprised of 84 amino acid residues and that 
the 1-34 fragment possesses all of the known 
biological activities of native PTH [6]. In birds, 
little is known about molecular structure of PTH, 
although not only mammalian parathyroid extract 
but also bovine 1-34 PTH caused hypercalcemia 
[7j. In reptilian species, on the other hand, no 
investigation has been reported either on the 
molecular structure of PTH or on the effect of the 
1-34 PTH. The results of the present study 
suggest that 1-34 hPTH elicits hypercalcemic and 
hypophosphatemic responses in the rat snake, E. 
quadrivirgata. 

In mammals and birds, PTH induces hyper- 
calcemia within a few hours [7, 8]. Similar results 
were also reported in amphibians [9, 10]. In the 
present study, it was shown that iv administration 


of 1-34 hPTH caused significant hypercalcemia 
and hypophosphatemia within 3 hr after ad- 
ministration. 

It is reported that the magnitude and time- 
course of PTH-induced hypercalcemia are affected 
by various factors [11]. It is obvious that PTH- 
induced hypercalcemia in young snakes is more 
rapid in onset and higher in magnitude but shorter 
in duration than that in aged snakes. Twenty- 
four hours after administration, J plasma Ca level 
of young snakes returned to a level which is not 
significantly different from the control level. On 
the other hand, 4 plasma Ca level in aged snakes 
at 24 hr after administration showed a level which 
is significantly higher than the control level. 
These results imply that the magnitude and time- 
course of PTH-induced hypercalcemia in snakes 
are age-related. This may be based on high 
sensitivities to PTH and rapid metabolism in the 
bone of young snakes. 

On the other hand, significant hypophosphatemia 
occurred from 3 to 6hr after administration. 
Thus, the duration of hypophosphatemia induced 
by 1-34 hPTH was shorter than that of hyper- 
calcemia. Similar results have been reported in 
dogs [8]. This short duration of hypophos- 
phatemia might be the result of elevated phos- 
phorus secretion in the kidney. It was reported 
that in snakes mammalian parathyroid extract 
enhanced the excretion of phosphorus from the 
kidney [12]. The rapid recovery from the de- 
creased plasma Pi level may suggest the occurrence 
of bone resorption. 
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REVIEW 


f-Actinin, an Actin-Capping Protein of Striated Muscle 


KoscAK MARUYAMA 


Department of Biology, Faculty of Science, 
Chiba University, Chiba 260, Japan 


CHRONOLOGICAL SKETCH 


In vertebrate skeletal muscle, the length of actin 
filaments in a sarcomere of myofibrils is uniform: 1 
vm long. On the other hand, actin filaments poly- 
merized in vitro have a broad exponential length 
distribution and may be up to 20 vm in length [1]. 
The search for a possible protein factor regulating 
the length of an actin filament led me, then working 
at the Department of Biochemistry and Biophysics, 
University of Tokyo, to the discovery of §-actinin 
in 1965 [2, 3]. It was first called a protein factor 
hindering network formation of F-actin in solution 
[2]. 

Under the influence of this factor, the apparent 
particle length of F-actin was calculated to be 
uniform at approximately 1 wm based on flow 
birefringence data [4]. However, flow birefrin- 
gence is very insensitive to the presence of short 
particles among long particles, and was subse- 
quently found that the average length becomes 
smaller but the exponential distribution remains 
[1]. Another proposed mechanism for the regula- 
tion of sarcomeric actin filament length is their 
assembly onto myosin filaments of unit length, 
1.5 wm [5]. 

The protein in question was somewhat inappro- 
priately named. In 1963-1964, Setsuro and 
Fumiko Ebashi were searching for the proteins 
responsible for the calcium-sensitivity of muscle 
contraction, a quest which led to the discovery of 
troponin. They obtained a “‘contraction-promot- 
ing factor’ as a byproduct of this research [6]. 
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When I examined the effect of this protein on an 
F-actin solution, remarkable apparent gelation 
was Observed especially in the cold. The amino 
acid compositions of both my actin-dispersing and 
Ebashis’ actin-gelating factors were very similar 
to that of actin itself. Therefore, these two 
proteins were termed actinin [cf. 9], a- for the 
Ebashis’ [7, 8] and 8- for mine [3]. Unfortunately, 
both protein preparations at that time were only 
20-30% pure and were heavily contaminated with 
denatured actin. It should be recalled that an 
SDS gel electrophoresis was not yet available for 
determining the purity of a protein. 

The work on a-actinin was immediately con- 
firmed by Mommaerts and Briskey [10], and 
extended by Goll and his associates [11]. Its 
presence in Z lines was demonstrated [12]. On the 
contrary, f-actinin did not attract much interest. 
Heizmann ef al. concluded that §-actinin was 
actually serum albumin, because that was indeed 
what they purified from muscle tissue [13, 14]. 
I continued to study f-actinin and, in addition to 
proving that it is not serum albumin [15], purified 
and characterized it further [16]. 

Another confusion was the report by Geny et ai. 
[17] that S-actinin-like protein restores the original 
sensitivity to oubain of (Na*-+K*)-ATPase from 
EDTA-treated mambrane of murine plasmacytoma 
cells (MF.S cells). The active protein (32kD 
protein) did not have any action as muscle /- 
actinin on actin (Kawamura and Maruyama in 
preparation for press). Furthermore, /-actinin 
was not isolated from chicken skeletal muscle 
according to the method of Geny efa/. In 1977, 
my colleagues and I at the Department of Biophys- 
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ics, Kyoto University, suggested that f-actinin 
binds to the ‘‘pointed” end of an actin filament 
decorated with heavy meromyosin, ‘‘arrowheads”’ 
(see below). 


ACTIN-CAPPING PROTEIN 


Actin is now known to be distributed in all 
living cells as motile cytoskeleton, and the actin 
content is the highest among thousands of proteins 
in nonmuscle cells [see 18—20 for reviews]. A vast 
number of regulatory proteins control the physical 
state of actin: there are inhibitors of polymeriza- 
tion, factors that promote bundling or gelation of 
actin filaments, proteins that cap the ends of actin 
filaments, proteins that sever actin fibers, and 
inhibitors of the actin-myosin interaction or of 
the actin-regulatory protein interactions [reviewed 
in 21]. a-Actinin (a crosslinking factor) and - 
actinin (capping protein) were the first such actin 
regulatory proteins to be discovered. With the 
discovery of an actin binding protein (gelation 
factor) from macrophage cell by Hartwig and 
Stossel [22] the isolation of actin-modulating 
proteins became an energetic activity in cell 
biology. 

Actin is a globular protein of a molecular weight 
42,000, and polymerizes to form a double-stranded 
helical filament in the presence of neutral metal 
ions (50 mM KCI; 1 mM MgCl, at neutral pH and 
room temperature) [see 19, 20 for reviews]. Actin 
filaments have a polarity of structure and of assem- 
bly. When heavy meromyosin binds to an actin 
filament, it forms an arrowhead structure thereby 
defining pointed end and barbed end which are 
easily distinguishable in electron micrographs (Fig. 


1). This polarity of an actin filament has been 
regarded as one of the basic requirements to the 
sliding mechanism of the actin-myosin-ATP sys- 
tem. Polymerization occurs faster at the barbed 
end of an actin filament than at the pointed end 
[19, 20]. 

Several actin regulatory proteins have now been 
discovered that bind selectively to either the 
barbed or the pointed end of an actin filament. 
The binding prevents exchange of monomers at 
the blocked end. So far only two proteins, ,- 
actinin and acumentin, have been characterized as 
pointed end capping proteins. Acumentin was 
isolated from leucocytes in Stossel’s laboratory 
[24]. Table 1 lists the actin filament capping 
proteins reported up to 1984. This list will 
undoubtedly grow in the future. In this connec- 
tion, it is of some interest that actin filament sever- 
ing proteins such as fragmin (slime mold plas- 
modium) [30], gelsolin (macrophage, uterus, serum 
etc.) [31], and villin (intestinal epithelial brush 
border microvilli) [32] that cut an actin filament at 
any actin-actin binding site are also capping pro- 
teins, when they form heterodimers with mono- 
meric actin [cf. 33, 34]. 


ISOLATION OF £-ACTININ 


There are two difficulties in the isolation of 
f-actinin: its very low content, less than 0.5% of 
actin in muscle, and its very instability in the pure 
state. The method is to extract rabbit skeletal 
muscle myofibrils thoroughly with Hasselbach- 
Schneider solution and water, followed by 0.6 M 
KI. The KI extract is dialyzed against a solution 
containing 0.3 mM ATP and 1 mM NaHCOs, and 


Fic. 1. 
myosin. 
the pointed end of which is capped by /-actinin. 


Polarity of an actin filament as revealed by decoration with heavy mero- 
Above: decorated actin filament; 


Below: intact actin filament, 
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TABLE |. Actin capping proteins 
Protein eM Source Reference 
Pointed end 
$-Actinin 34+37 vertebrate Maruyama 
skeletal muscle et al. [16] 
Acumentin 65 blood Southwick and 
granulocyte Hartwig [24] 
Barbed end 
Capping protein 28+31 Acanthamoeba Isenberg 
et al. [25] 
Capping protein 36+ 32 platelet Lin 
skeletal muscle et al. [23] 
88K*/Actin 88 + (42)** brain Nishida 
et al. [26] 
67 K protein 36+31 brain Kilmann and 
Isenberg [27] 
Cap 90 90 brain Isenberg 
et al. [28] 
45K/Actin 45+-(42)** sea urchin egg Hosoya and 
Mabuchi [29] 
* gelsolin; ** Actin 
ultracentrifuged to remove F-actin. The super- that the subunit molecular weights of §-actinin are 


natant is subjected to (NH.),SO, fractionation, 
and the fraction between 50 and 60% saturation is 
dialyzed against 1mM NaHCO;. This crude 
§-actinin, approximately 20-30% pure, can be 
stored without any loss of activity for several years 
at —20°C. After clarification, the supernatant is 
subjected to DEAE Sephadex chromatography 
[16]. The purified S-actinin is extremely unstable 
due to unknown reasons, and is denatured within 
a day. Storage at —20°C does not prevent its 
inactivation. The yield of crude /-actinin is usually 
50 mg starting from 1 kg of muscle. 

8-Actinin consists of two subunits, the chain 
weights of which were determined to be 37,000 
and 34,000, respectively. By gel filtration native 
§-actinin has a molecular weight of approximately 
70,000 suggesting that it is a heterodimer. The 
sedimentation coefficient is approximately 4S in 
1 mM NaHCoO,. The two subunits can be sepa- 
rated by DEAE Sephadex chromatography in the 
presence of 6 M urea. The amino acid composi- 
tions of the two subunits are similar but distin- 
guishable. Because of its instability, reconstitution 
of §-actinin after dissociation into its subunits has 
been unsuccessful. 

Recently Ishiwata and his associate concluded 


35,000 and 31,000 (Funatsu and Ishiwata, personal 
communication). 


ACTION OF £-ACTININ ON ACTIN 


There are a variety of effects of S-actinin on the 
physical state of actin, and now all of them can be 
well understood on the basis of the specific capping 
action of f-actinin at the one (pointed) end of an 
actin filament. 

First, it should be emphasized that actin fila- 
ments interact with each other in solution to form 
a network easily destroyed by a weak external 
force [35, 36]. Zaner and Stossel explain this in 
terms of topological restrictions [37]. However, 
the weak binding of the end(s) of an actin filament 
to other filament cannot be ignored. The very 
high viscosity of an F-actin solution at extremely 
low velocity gradients (less than 0.001 S°') is 
markedly lowered in the presence of S-actinin [16]. 
An F-actin solution has a sedimentation coefficient 
of about 80S which reduces to 30S by the addition 
of f-actinin; sonication does not further affect the 
values [38]. Furthermore, a-actinin-induced actin 
bundles are dispersed by the addition of §-actinin, 
and precipitates form, suggesting that the ends of 
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actin filaments attach to other actin filaments to 
form three dimensional network [9]. 

When an actin filament is subjected to sonic 
vibration, it is fragmented to short pieces of 
approximately 50 nm long, and the fragments are 
quickly reannealed to form longer filaments [1]. 
8-Actinin instantly blocks the reannealing of actin 
filaments, and only a few weight percent of 8-actinin 
to actin is sufficient [2, 16]. This inhibition of 
reannealing is explained by the binding of f-actinin 
to the pointed end of heavy meromyosin-decorated 
actin fragments [16]. Similarly, the dynamic 
rigidity modulus of an actoheavy meromyosin 
solution is greatly decreased by mixing in the 
presence of f-actinin [39]. 

An actin filament is depolymerized to monomers 
when dialyzed against a low ionic strength solution 
containing ATP. In the presence of only 1% 
(w/w) f-actinin, the rate of depolymerization is 
decreased to 1/9 as compared to control [16]. 
This remarkable effect of -actinin, in turn, shows 
that the depolymerization is much faster at the 
pointed end than at the barbed end contrary to 
the polymerization process. 


100 


50 


0 5 


It is well established that polymerization of actin 
consists of two steps: nucleation and elongation 
[40; cf. 19, 20]. §-Actinin appreciably enhances 
the initial step of actin polymerization, especialiy 
in the presence of Mg ions [16]. Probably, /- 
actinin binds to two actin monomers to form 
stable nucleus. However, the resultant actin 
filaments are much shorter in length than when 
assembled in the absence of f-actinin [1, 16]. 
Under the conditions where nucleus formation is 
unfavorable, e.g., at low salt concentrations, an 
addition of fragmented actin filaments greatly 
enhances the onset of actin polymerization, as 
shown in Figure 2. The addition of f-actinin 
remarkably diminishes the rate of elongation to 
1/10 that of control. Cytochalasin D, a fungal 
metabolite known to block the barbed end of actin 
filaments, reduces the assembly rate further to 
1/400 that of control. These extreme decreases in 
the rate of elongation cannot be simply explained 
merely by capping the growing ends (see below). 
In a previous study, the growth of actin monomers 
onto sonic filament fragments was sometimes 
almost negligible in the presence of f-actinin [16]. 


10. =min 


Time 


Fic. 2. Effect of $-actinin and cytochalasin D on the elongation of sonicated 


F-actin fragments. 


G-actin, 0.4 mg/ml, F-actin fragments, 0.02 mg/ml, 20 


mM KCl, 0.3mM ATP, 5mM phosphate buffer, pH 8.0. 20°C. 6- 


actinin, 0.03 mg/ml. 


Cytochalasin D, 2 uM. Flow birefringence was 


measured continuously at a velocity gradient, 100 s-“’. ©, control; O, 


f-actinin ; 


@, cytochalasin D; X, f-actinin and cytochalasin D. 
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This result might have been due to some contamina- 
tion with another capping protein [23] that masks 
the barbed end (Fig. 12 of ref. [16)). 

The so-called Mg actin polymer, a “fragile” 
short actin filament, had been regarded as specific 
for slime mold actin [41] until we showed that it is 
formed in the presence of Mg ions and 6-actinin 
[42]. In slime mold actin, a heterodimer complex 
of actin and fragmin is abundantly present [33, 
34]. The Mg polymer has low viscosity values, 
although its sedimentation coefficient is 30S as 
compared to 3S for monomeric actin [36]. With 
negative staining Mg polymers are seen as amor- 
phous aggregates, but on incubation with ATP and 
KCl at 45°C, short actin filaments are formed and 
the length distribution is of the Poisson type with 
the average length of 0.3-0.6 um depending on 
Mg* concentrations [43]. It appears that {- 
actinin-bound actin filaments polymerized by Mg 
ions are somehow weakened in the conformation 
and easily deteriorated by uranyl acetate. 

An interesting situation was found when mono- 
meric actin depleted of all but tightly bound ATP 
was polymerized by KCI in the presence of {- 
actinin. The resultant actin filaments aggregated 
into amorphous aggregates on incubation in 0.1 M 
KCI at 25°C, whereas control F-actin was entirely 
stable. ATP protected the deterioration com- 
pletely [44]. This property is shared with actin 
filaments directly separated from myofibrils with- 
out depolymerization [45]. The latter observation 
suggests that actin filaments in myofibrils are under 
the influence of §-actinin. 

That f§-actinin binds to the pointed end of an 
actin filament has been definitely shown using 
brush border microvilli actin bundles of chicken 
intestinal epithelial cells [46], glutaraldehyde-fixed 
actoheavy meromyosin, and Limulus sperm 
acrosomal actin bundles [47] (see Fig. 3). 


LOCALIZATION AND FUNCTION OF 
B-ACTININ 


One way to locate protein at a specific site within 
the cell is to use specific antibodies against the 
target protein. Unfortunately, chicken skeletal 
muscle antibodies could not be raised in rabbits. 
It was possible successfully to immunize mice with 


Cc 
a” led 
Fic. 3. Elongation of Limulus acrosomal actin bundles 


under the influence of $-actinin or cytochalasin D. 
G-actin, 0.17 mg/ml, 17 mM KCl, 0.2mM ATP, 


and 6mM _ imidazol buffer, pH 7.0. Incubated 
for 5 min at 25°C. 
a, control; b, f-actinin, 0.02 mg/ml; c, cytoch- 


alasin D, 24M. Note that the extent of elonga- 
tion at the barbed end was to a smaller extent, 
when the pointed end was masked with /-actinin 
(see a and b). bar, 1 um. 


chicken f-actinin, but the amount of antiserum 
obtained was very limited [16]. By a use of an 
indirect fluorescence technique, it was suggested 
that fluorescent dye-labeled antibodies stained the 
free ends of I filaments of a myofibril [16]. Al- 
though this conclusion seems to be very likely, 
the evidence still remains indirect. It would be 
useful to raise monoclonal antibodies against f- 
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actinin and to locate it in myofibrils using such an 
immunoelectron microscopy as gold-label tech- 
nique [48]. 

Ishiwata and his coworkers have obtained 
interesting findings concerning the elongation of 
the I (actin) filaments in myofibrils in the presence 
of added fluorescent dye-labeled actin [49]. Intact 
myofibrils did not show any elongation at the free 
ends of the I filaments. On the other hand, when 
myosin was removed by the treatment with 
Hasselbach-Schneider solution, a few filaments 
elongated on the addition of monomeric actin, 
suggesting the release of the cap, quite very 
probably, -actinin. 

The function of f-actinin in muscle appears to 
have two aspects. First, it maintains the intact 
state of the actin filaments in a sarcomere by 
preventing them from elongation as well as 
depolymerization. Second, by inhibiting the 
binding of the free end of the actin filaments to the 
other actin filaments, 8-actinin may enable smooth 
sliding motion of the actin filaments during con- 
traction and relaxation of muscle. 


DYNAMIC BEHAVIOR OF ACTIN 
FILAMENTS CAUSED BY THEIR 
CAPPED ENDS 


When {f-actinin-capped actin filaments were 
used as seeds for further elongation, the rate of 
growth was to a much smaller extent than expected, 
as shown in Figure 2. It dropped to as low as 


1/10 value of the control. The rate of elongation 
at the pointed end is reported to be approximately 
1/4-1/5 of that at the barbed end under similar 
conditions [50]. This discrepancy stimulated more 
detailed investigation. In a preliminary experi- 
ment using brush border microvilli actin bundles, 
it seemed that the growth of the barbed end of an 
actin filament the other pointed end of which had 
been masked with f-actinin was slower than that 
of the uncapped contro! filaments [46]. 

Since the microvillus bundles were rather 
unstable in the absence of Mg**, glutaraldehyde- 
fixed actoheavy meromyosin [51] was used as seeds 
for further experiments. Intact actoheavy mero- 
myosin is easily dissociated into actin and heavy 
meromyosin in the presence of the ATP that is 
always in a G-actin solution. On addition of 
G-actin, the elongation at the free end of a fixed 
actoheavy meromyosin was always slower in the 
presence of §-actinin than in its absence as sum- 
marized in Table 2 [47]. The rate of growth at the 
barbed end was 62 nms™“* in the control filaments 
and 13nms~* in the -actinin-capped filaments, 
when the G-actin concentration was 0.4 mg/ml in 
the presence of 20 mM KCl, 0.3 mM ATP and 5 
mM phosphate buffer, pH 7.0 at 25°C [47]. Thus, 
the growth rate dropped to the one fourth under 
the influence of $-actinin. 

Sperm acrosomal bundles of the horseshoe crab 
consist of unidirectionally oriented actin filaments, 
the polarity of which can be determined either by 
heavy meromyosin binding or by morphological 


1 


TABLE 2. Length of elongated filaments of fixed-actoheavy meromyosin under the influence of 6-actinin 


and cytochalasin D 


0.15 mg/ml* 
1 5 

Barbed end 

Control 1.10 2.80 

6-Actinin 0.35 0.90 
Pointed end 

Control 0.08 0.10 

Cytochalasin D 0.03 0.04 


3.26 
1.14 


0.11 
0.05 


Length (“m) 


0.5 mg/ml* 
10 1 5 10 
min 
2.90 3.90 — 
0.85 1.30 1.63 
0.21 0.30 — 
0.08 0.10 0.13 


* G-actin concentration. 


Maruyama et al. [47]) 


Incubated at 25°C in the presence of actoheavy meromyosin, 0.05 mg/ml, 
20mM KCl, 0.3mM ATP and 5 mM phosphate buffer, pH 7.0. Cytochalasin D, 2 uM. 


(From 
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examinations [52]. By the use of the §-actinin- 
bound acrosomal bundles the decreased rate of 
elongation at the other free end was again con- 
firmed (Fig. 3) [47]. However, the extent of 
inhibition was much smaller than in free actoheavy 
meromyosin. It was about 52% of the control, 
when the length of nuclei was shorter than 1.5 “m 
and 38% of control when that was longer than 
3.4 um. These observations suggest that the 
f-actinin effect is to a lesser extent, when the 
filaments are closely packed and are long in length. 

The results mentioned above suggest that, when 
one end of an actin filament is capped by /- 
actinin, some conformational change occurs at 
that end transmitted through a whole length to the 
other end so as to cause a decrease in the elongation 
rate. This tendency has also been observed with 
villin [53] or cytochalasin D [47]: the rate of 
elongation at the free pointed end is slowed down 
when the barbed end is blocked. This “end 
effect” caused by the capping agents is unfor- 
tunately not easily experimentally verifiable, 
because of the lack of a method to detect con- 
formational changes of actin monomers already 
incorporated into a filament. 


PERSPECTIVES 


f-Actinin is regarded as one of the more 
sophisticated regulatory proteins modulating 
structure and function of an actin filament in the 
motile systems of vertebrate skeletal muscle. It 
masks the one free end (pointed end) of the I 
band filaments in a sarcomere resulting in the 
inhibition of attaching to other I filaments and 
also in giving rise to some dynamic properties of 
the actin filaments. The latter has not yet been 
clarified. All we know is that §-actinin-modified 
actin filaments need ATP to maintain their phy- 
sical state in a filamentous form [44, 45]. It is of 
great interest to elucidate the physiological aspects 
of this modulation in more detail, e.g. smooth 
sliding motion of actin filaments during interaction 
with myosin crossbridges. 

During the course of investigation of the effect of 
f-actinin on actin elongation, it has been observed 
that the rate of growth at the barbed end of an 
actin filament is markedly affected by capping the 


other pointed end with f-actinin [46, 47]. This 
was true of the another case, i.e. capping the 
barbed end with cytochalasin D [46, 47, 50]. These 
observations strongly suggest that when one end is 
bound with a messenger (capping agent), the signal 
(presumably a conformational change) is trans- 
mitted along the entire filament up to the other end. 
This is still an assumption and should be verified 
by appropriate physicochemical techniques. Even 
so, this line of work may shed light on the under- 
standing of the many marvelous features of the 
function of actin filaments. For example, there is 
a possibility that actin, under the influence of 
tropomyosin and troponin, is unable to react 
with the myosin-ADP-P complex in the absence of 
Ca’* (relaxed “‘off” state of actin). When Ca?*t 
binds to troponin C, the conformational changes 
of troponin C are transmitted via troponin T and 
tropomyosin to actin resulting in its activation 
so as to start the interaction with myosin (con- 
tracted ‘“‘on’’ state of actin). The above view is 
a revival of Annemarie Weber’s “‘switch-on, off” 
theory [54]. We now need to visualize the res- 
pective dynamic conformations of an _ actin 
molecule incorporated into filament under the 
conditions in question. 

Finally, it may be appropriate to add that the 
work with the actin-capping protein, §-actinin, 
could open a new approach to understand the 
physiological importance of the cytoskeletal actin 
cables that transmit a signal to the other site 
within the cell. 
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Papiliochrome, a New Pigment Group of Butterfly 
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I. INTRODUCTION 


Since the pioneering work of F. G. Hopkins, it 
has well been known that the wing-pigments of 
pierid butterflies are pteridine derivatives [1]. 
Despite the fact that pteridine compounds are 
widely distributed in bacteria, plants, and animals, 
the accumulation of them as wing-pigments is 
rather specific to the Pieridae among butterflies 
[2-4]. Another well-known wing-pigment group 
of butterflies is ommochrome [5, 6]. Rhodom- 
matin and ommatin D are present as red pigments 
in the Nymphalidae. These ommatin pigments 
are formed by oxidative condensation of 3- 
hydroxykynurenine. The latter compound itself 
is also present as a yellow pigment in the Heli- 
conidae [7, 8]. In addition to these two pigment 
groups, bilins and flavonoids have also been 
reported as wing-pigments of some butterflies 
[9-13]. 

On the other hand, the pale yellow, deep yellow, 
and reddish brown pigments of the wings of 
Papilio butterflies do not belong to any of the 
above-mentioned pigment groups. Strangely 
enough, little investigation of the wing-pigments 
of Papilio had been made until Umebachi and 
Nakamura [14] found in 1954 that the pale yellow 
scales of Papilio contained a large amount of 
kynurenine. In 1894, Urech examined some 
properties of the wing-scales in many kinds of 
butterflies including Papilio machaon [15]. Al- 
though the description of the deep yellow scales 
of P. machaon was only brief, he mentioned that 
the yellow pigment was similar to kynurenic acid 
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in the murexide reaction. No further information 
on the pigment was obtained. In 1924, Cockayne 
[16] examined in many species of butterflies 
whether or not their wings fluoresced under 
ultraviolet rays and found that there were various 
butterflies which gave fluorescence. The pale 
yellow markings of Papilio were among those 
which fluoresced. On the basis of Cockayne’s 
observation, Fox and Vevers [1] have written in 
their book on animal colors that the wings of the 
Papilionidae contain an unknown pale yellow 
fluorescent pigment. Since 1954, Umebachi and 
his collaborators have investigated the wing- 
pigments of Papilio in detail. Interestingly, 
these pigments have proved to be all related to 
kynurenine, dopamine, and f-alanine, and have 
been named Papiliochrome [17-21]. This is a new 
pigment group in insects. 

This review deals with the kinds, chemical 
properties, structure, distribution, and precursors 
of Papiliochromes. Besides, the relation to the 
sclerotization of cuticle is also mentioned. 


II. PALE YELLOW PIGMENTS 
OF PAPILIO 


These pigments have been investigated in most 
detail using the pale yellow scales of Papilio 
xuthus and P. demoleus. 

First of all, the distribution of kynurenine in 
male butterfly of P. xuthus is given in Table 1, 
which shows that most of the kynurenine present 
in a whole butterfly is found in yellow scales and 
that almost all of the kynuremine in the yellow 
scales is present not as a free form but as a kind 
of bound form, which releases kynurenine by being 
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TABLE 1. The quantity and form of kynurenine 
in a male butterfly of P. xuthus (ug per 
individual) 
——————————EEE—EEEEE———————— 


Whole body 


Kynurenine including Yellow scales 


yellow scales only 
Total* 287 233 
Bree>s 68 21 
Bound*** 219 PN, 


* The kynurenine measured after being heated 
at 100°C in acidic solution. 
** The kynurenine measured without the 
heating. 
*** The difference between total 
kynurenine. 


and free 


Fic. 1. 
the 70% ethanol extract from the pale yellow 


Two-dimensional thin-layer chromatogram of 


scales of P. xuthus. Dotted circle, fluorescent 
substances: oblique line from right down to left, 
ninhydrin-positive substances; oblique line from 
left down to right, substances positive to the 
phosphomolybdic acid-ammonia test. 


heated in acidic solution [22]. What is the 
bound form of kynurenine? In order to answer 
the question, two-dimensional thin-layer chro- 
matogram of the 70° ethanol extract from the 
pale yellow scales is shown in Figure 1. When 
the spots on the chromatogram are scraped, 
extracted with water, and heated at 100°C in 
10° N HCl, the Ila, Ifb, Illa, and IIIb release 


kynurenine [17, 18, 23, 24]. These spots are pale 
yellow in visible rays and give pale yellow fluo- 
rescence under ultraviolet rays. Any other spot 
does not release kynurenine on the heating. These 
facts suggest that the bound form of kynurenine 
is nothing but the pale yellow pigments, and the 
pigments have been named Papiliochrome Ila, 
IIb, Illa, and IIIb, respectively [17, 18, 20, 21]. 
Among them, the Ila and IIb were most distinct 
in the chromatogram of Figure 1 and seemed to be 
the main pigments of the pale yellow scales. On 
the other hand, the IIIa and IIIb were faint on the 
chromatogram. Therefore, the Ila and IIb were 
purified, and their chemical and spectral properties 
were investigated. By the injection-experiment of 
tryptophan-1-"*C, it has been proved that the **C 
is incorporated into the pale yellow pigments and 
recovered as ‘*C-kynurenine from the pigments 
[17, 24, 25]. 

Absorption spectra of the IIa and IIb are given 
in Figure 2, which shows that both pigments give 
the same spectrum [18]. Absorption peaks are 
at 262-263, 280-284 (shoulder), and 380-381 nm. 
As well known, those of kynurenine are 257 and 
360 nm (Fig. 2). The shift from 360 to 380 nm 
seems to make the I]a and IIb pale yellow. Inter- 
estingly, the Ila and IIb give the opposite curves 
of optical rotatory dispersion (ORD) and circular 
dichroism (CD) at 380nm [18]. This indicates 
that the IIa and IIb are optical isomers to each 
other. When there is no need to describe the Ila 
and IIb separately, they are referred to below as 
Papiliochrome II. 

As mentioned above, Papiliochrome II readily 
releases kynurenine by being heated. It does not 
need the heating in strong acid solution. Heating 
in 10°*N HC! at 100°C for 30min is enough. 
Under such a mild condition, Papiliochrome II 
decomposes to kynurenine and a phenolic com- 
pound, SN-1 (Fig. 3). Various color tests on 
paper or thin-layer chromatogram indicated clearly 
that the SN-1 was an o-diphenolic substance. 
The “C of dopalside chain-1-'*C] was not in- 
corporated into the SN-1 but the **C of dopal[side 
chain-2-"*C] or dopamine[side chain-1-**C] was 
incorporated into the compound [18]. The peak 
of absorption spectrum was at 280nm. Two 
phenolic OH-groups were free. That is to say, 


Papiliochrome 165 


ABSORBANCE 


250 300 


350 400 


WAVE LENGTH (nm) 


Fic. 2. Absorption spectra of Papiliochromes Ila and IIb and kynurenine in phos- 


phate buffer (pH 7.0). 


Papiliochrome II 


ee | 
10 ~ N HCl 
100°C, 30 min 


SN-1 


L-Kynurenine 


(N-8-Alanylnoradrenaline) 


N-1 SN-la 


(f-Aalnine) 


(Dopamine derivative) 


Fic. 3. A schema of the decomposition of Papilio- 
chrome II to its components. 


the SN-1 was neither O-glucoside nor O-sulfate 
[18, 19]. All these results indicate that the 
SN-1 substance is a dopamine derivative and is 
different from dopamine only in its side chain. 

Interestingly, the SN-1l, furthermore, de- 
composes to another o-diphenolic substance 
(SN-la) and a ninhydrin-positive substance (N-1) 
by being heated in 1 N HCI 100°C for 1 hr (Fig. 3) 
[19]. The injection-experiment of dopamine[side 


K, kynurenine. 


chain-1-'*C] indicated that the SN-la was a do- 
pamine derivative. The peak of absorption 
spectrum was stillat 2830 nm. _ Its chromatographic 
behaviors and color tests were similar to those of 
noradrenaline. On the other hand, the N-1 was 
proved to be f-alanine by co-chromatography 
with authentic f-alanine and color tests. The '*C 
of f-alanine-1-'*C was incorporated into the SN-1. 
After the degradation of the SN—1 which had been 
labeled with ‘*C-S-alanine, the N-1 was radio- 
active but the SN-la was not. The NH,-group 
of SN-1 was dinitrophenylated with 1-fluoro- 
2, 4-dinitrobenzene and, after acid hydrolysis, 
recovered as DNP-f-alanine. All these results 
suggested that the SN—1 was a N-§-alanyldopamine 
derivative [19-21, 26, 27]. From the results of 
GC-MS and "C-NMR, Rembold ef al. [28] 
determined the structure to be N-/-alanylnor- 
adrenaline (Fig. 4a), and it was proved by chemical 
synthesis. 

All these experimental results suggest that 
Papiliochrome II is formed by the binding of 
kynurenine to N-§-alanyldopamine and decom- 
poses to kynurenine and N-/-alanylnoradrenaline. 
The structure of Papiliochrome II must explain 
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HO CH CH- NH~ CO ~CH,- CH NH, 
OH 
HO (a) 


O H A 
ll | ] a 
CG] CG] CNH: 

H coo” 

CD >—NH 
| Pre Fie eee 
GE) Fe Gah a 
HO | H H O H H 


(b) 


Fic. 4. Structures of (a) N-$-alanylnoradrenaline and 
(b) Papiliochrome II. 


that the mild condition like the heating in 10°° N 
HCI at 100°C for 30 min causes the decomposition 
of the pigment to kynurenine and N-f-alanylnor- 
adrenaline, that the absorption peak at 360 nm in 
kynurenine is shifted to 380 nm by the binding to 
N-§-alanyldopamine, and that there are two opti- 
cal isomers IIa and IIb which show the opposite 
ORD and CD curves at 380 nm. The Ila and IIb 
were separated and purified, and their structures 
were investigated by Rembold and Umebachi [29]. 
The molecular weight has proved to be 430 by the 
field desorption mass spectroscopy. The **C- 
NMR data have indicated that the N of aromatic 
NH.-group of kynurenine is bonded to the 5—C of 
the side chain of N-f-alanyldopamine. Finally, 
the structure has proved to be N’'-[a-(3-amino- 
propionylaminomethyl)-3, 4-dihydroxybenzyl]-L- 
kynurenine (Fig. 4b). The existence of optical 
isomers, IIa and IIb, is explained by rotation of 
the catechol ring on the axis C-5 and p-OH to 
the opposite side. 

The structure of Figure 4b shows that 
Papiliochrome II belongs to a new pigment group 
which has never been reported up to the present. 
Moreover, N-S-alanyldopamine (Fig. 4a) is a new 
catecholamine which has been found for the first 
time in the course of this investigation. 

Papiliochromes IIIa and IIIb are minor yellow 
pigments, and their quantities are too small to be 
investigated, though they are also composed of 
kynurenine, dopamine, and £-alanine. 


Ill. DEEP YELLOW PIGMENTS OF 
PAPILIO 


These pigments were investigated using the 
deep yellow scales of P. machaon. When the 
scales are extracted with 70% ethanol at room 
temperature (25°C) and 40°C, the extract is yellow 
and contains the above-mentioned Papiliochromes 
II and III. However, the remaining scales are still 
deep yellow in contrast to the pale yellow scales 
which turn white or almost white after the extrac- 
tion with 70% ethanol. This fact indicates that 
the deep yellow scales contain both pale yellow 
and deep yellow pigments. 

The deep yellow pigments can be extracted with 
4% HCl-methanol at room temperature. If the 
extraction is repeated seven or eight times, most 
of the deep yellow pigment is extracted, and the 
remaining scales are pale beige. 

Thin-layer chromatographic studies of the 
degradation-products of deep yellow pigments 
indicate that the pigments contain kynurenine, 
B-alanine, and phenolic compounds [30]. These 
three kinds of substances are present not in a free 
form but in a bound form. 

For the purpose of comparison with the pale 
yellow scales, the quantities of kynurenine and £- 
alanine in pale and deep yellow scales and the 
distribution of both compounds in the above- 
mentioned extract fractions are given in Table 2 
[31]. The table shows that almost all of the 
kynurenine and f-alanine present in the pale yellow 
scales are extracted with 70% ethanol, while, in the 
deep yellow scales, not a small amount of 
kynurenine and §-alanine remain insoluble in 70% 
ethanol and are extracted with 4% HCl-methanol. 

The incorporation of tryptophan-1-“C, £- 
alanine-1-'*C, and dopamine[side chain-1-'*C] 
also showed the same tendency, that is, in the deep 
yellow scales, these three ‘*C-labeled compounds 
were incorporated into not only 70% ethanol 
fraction but also 4% HCl-methanol fraction. And 
yet, the incorporation into the latter fraction was 
not a little. Tryptophan-1-'*C was recovered as 
“C-kynurenine from the 4% HCl-methanol 
fraction, while {-alanine-1-'*C was recovered as 
“*C-B-alanine itself. 

All these results indicate that the deep yellow 


Papiliochrome 167 


TABLE 2. The quantities and distribution of kynurenine and §-alanine in the pale yellow, deep yellow, 


and reddish brown scales of Papilio butterflies 


Scales Pale yellow Deep yellow Reddish brown 
Species demoleus xuthus machaon demoleus machaon 
ug per mg dry weight of scales 
Kynurenine 110.4* 68.3 69.2 a bE 33.9 
(5-Alanine) (124.4)** (105.8) (79.0) (61.9) (73.6) 
% Yo Yo % 
Fraction 
70% Ethanol, 25°C 90.1* 66.1 38.0 
Te Dt (65.4) (34.3) 3.3 9.5 
70% Ethanol, 40°C 5.9 18.4 17.4 (3.9) (1.7) 
(6.7) (12.0) (15.0) 
4% HCl-methanol 1.6 : 253 6.0 4.9 
(7.1) (15.8) (37.9) (9.9) (5.7) 
Remaining scales 0.2 4.4 90.6 85.5 
(3.1) (6.8) (12.7) (86.2) (92.5) 


* The upper numbers indicate kynurenine. 


** The lower numbers in parentheses indicate §-alanine. 


pigments are related to knynurenine, §-alanine, 
and dopamine. Therefore, the pigments have 
been named Papiliochrome M. It is probable 
from their chromatographic behaviors that there 
are at least two kinds of Papiliochrome M. 


IV. REDDISH BROWN PIGMENT 
OF PAPILIO 


This is a pigment of the reddish brown scales in 
the hind-wings of Papilio and has been investigated 
using the scales of the anal eye spots of P. machaon 
and P. demoleus [31-36]. 

The reddish brown scales contain kynurenine 
and §-alanine. The pigment is insoluble in 70% 
ethanol and 4° HCl-methanol as shown in Table 2. 
Tryptophan-1-'*C, S-alanine-1-'*C, and dopamine 
[side chain-1-'*C] are incorporated into the scales. 
More than 80% of the “*C of these three “C- 
labeled compounds incorporated into the scales 
is insoluble in 70% ethanol and 4% HCl-methanol, 
and remains in the remaining scales [35]. The 
pigment has been named Papiliochrome R [21, 33]. 

The pigment can be extracted with 1 N NaOH 
at room temperature. The extract is brown, and 
the residual scales are pale beige [33-35]. When 
the extract is acidified with HCl, the brown 


pigment precipitates. The extraction with alkali 
and the precipitation with acid can be repeated. 
The precipitate is a protein-bound brown pigment 
and can be partially purified by precipitation with 
acid and Dowex 50W x4 column. The precipitate 
does not contain copper. The solubilities of the 
pigment are similar to black melanin but the 
pigment does not belong to indole melanin. ‘*C- 
tryptophan, ‘“*C-S-alanine, and ‘“*C-dopamine are 
incorporated into the protein-bound pigment. 
Most of the kynurenine is lost during the extraction 
with NaOH and the treatment after that, because 
of the lability of kynurenine in alkaline solution. 
Papiliochrome R is similar to other Papilio- 
chromes (II, III, and M) in that all these pig- 
ments are related to three kinds of components, 
kynurenine, S-alanine, and dopamine. The dif- 
ferences are that Papiliochrome R is extracted with 
1 N NaOH as a protein-bound pigment, that the 
kynurenine content in Papiliochrome R is lower 
than in Papiliochrome II, III, and M (Table 2), and 
that the kynurenine in II, III, and M is very readily 
released on being heated in acidic solution, whereas, 
in R, the kynurenine is gradually released [35]. 
The quantity of S-alanine in the protein-bound 
pigment is too large to be simply regarded as a 
component of the protein itself. There is a pos- 
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sibility that Papiliochrome R is a kind of polymer 
of N-S-alanyldopamine, to which a small quantity 
of kynurenine is attached. It is tempting to 
speculate that, among Papiliochromes, the II is 
of the lowest molecular weight and most soluble, 
that the R is of the highest molecular weight and 
most resistant to dissolution, and that the M is of 
the medium molecular weight which is near not 
the R but the IT. 


V. DISTRIBUTION OF 
PAPILIOCHROMES 


Papiliochromes II and II! are present in the pale 
yellow scales of Papilio protenor (3), P. helenus, P. 
castor, P. polytes, and P. dardanus (3) in addition 
to P. xuthus and P. demoleus [21, 37, 38]. In all 
these scales, Papiliochrome II is the main pigment. 
Probably the pigments of the pale yellow scales of 
other Papilio butterflies are also Papiliochromes II 
and III. 

On the other hand, the deep yellow scales of 
Papilio seem to contain Papiliochrome M_ in 
addition to Papiliochromes II and III. Moreover, 
there seems to be no doubt that yellow scales of 
various Papilio butterflies contain Papiliochromes 
Il, If], and M [21, 38]. There is a possibility that 
the yellow pigments of Chilasa, which is most 
closely related to Papilio in taxonomy, are also 
Papiliochromes II, III, and M. The yellow scales 
of Battus may also contain Papiliochromes, though 
it has not been confirmed. 

Interestingly enough, the yellow pigments of 
four genera (Bhutanitis, Sericinus, Zerynthia, and 
Luedorfia) of the Zerynthiinae are also Papilio- 
chromes II and III [38-40]. Papiliochrome M 
may also be present. Therefore, Papilio and the 
Zerynthiinae can be said to be similar to each other 
as far as the yellow pigments are concerned. 

Papiliochrome R is the reddish brown pigment 
characteristic of Papilio and corresponds to the 
red pigment which has been named type B by Ford 
[41,42]. Hehas divided red pigments of butterflies 
into five types A—E on the basis of their solu- 
bilities and the responses to acid and alkali. Red 
pigments of the wings of papilionid butterflies 
belong to the types A and B. The type A red 
pigment is present not only in the Papilionidae 


but also in many other Lepidopteran species. On 
the other hand, the type B red pigment is found 
only in Papilio, Chilasa, and Battus. Exactly 
speaking, the pigment of type B is not red but 
reddish brown. 

Although Papilio and the Zerynthiinae are 
similar to each other as far as yellow pigments are 
concerned as mentioned above, their red pigments 
are different. The red pigment of the Zerynthi- 
inae is not of type B but of type A. Interestingly, 
the red scales of Luehdorfia japonica is not rose-red 
but bright red, and this is caused by a mixture of 
red pigment (type A) and pale yellow pigments 
(Papiliochromes II and III). 

Besides, there is a possibility that some butterflies 
of Iphiclides and Graphium contain Papiliochromes 
in their wings [43]. But, in general, the creamy 
and greenish blue wing-pigments of these genera 
belong to flavonoids and bilins, respectively. 
Contrarywise, there are some Papilio species which 
seem to contain bilins in their wings [11]. In 
this sense, the distribution of Papiliochromes is 
interesting also from the taxonomical point of view. 


VI. PRECURSORS OF 
PAPILIOCHROMES 


In order to investigate the synthesis of the pale 
yellow pigments (Papiliochromes II and _ III), 
tryptophan, f-alanine, and dopamine metabolisms 
during the pupal stage of P. xuthus have been 
examined in some detail. 


A. Synthesis and accumulation of kynurenine 


Change of the free tryptophan level per insect 
during the pupal stage is given in Figure Sa, 
which shows that free tryptophan gradually 
increases after pupation, reaches a maximum 
shortly before the appearance of black eye color 
(shortly after the 6th day in Fig. 5a), and after 
that, gradually decreases until the time of 
emergence [22,24]. On the other hand, the 
amount of free kynurenine is at a low level until 
immediately before eye pigmentation (between 
the 4th and Sth days) and after that gradually 
increases up to the time of emergence (Fig. 5b). 
At the time of emergence, a considerable amount 
of free kynurenine is lost. This means the ex- 
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kynurenine and the activity of tryptophan 
oxygenase and (b) kynurenine per individual 
during the pupal stage of P. xuthus. Abscissa: 
E, the onset of eye pigmentation; _ B, the ap- 
pearance of black eye color; R, the appearance 
of red spots in hind-wings; 10b, immediately 
before emergence; 10a, shortly after emergence. 


cretion of kynurenine in a meconium as mentioned 
below. Change of the activity of tryptophan 
oxygenase (L-tryptophan: oxygen 2, 3-oxidore- 
ductase, EC 1. 13. 11. 11) is also given in Figure Sa, 
which shows that the activity is high at the time of 
pupation, after that gradually decreases until 
immediately before eye pigmentation, and then 
gradually increases up to the time of emergence. 
Interestingly, the quantity of kynurenine in the 
extract increases by being heated at 100°C. The 
kynurenine level after the heating is called total 
kynurenine. As shown in Figure 5b, the total 
kynurenine level increases gradually from the time 
of eye pigmentation (the Sth day) and rapidly 
before the emergence, and reaches a maximum at 
the time of emergence. The difference between 
total and free kynurenine is called a bound form 
of kynurenine. The latter means some compounds 


which release kynurenine by being heated. The 
bound form of kynurenine increases from the time 
of the red spot appearance in hind-wings (the 
8th day) up to the time of emergence (Fig. 5b). 
The amount of kynurenine of this form decreases 
only a little at the emergence and accumulates in 
adult. As mentioned above, the bound form 
of kynurenine corresponds to the pale yellow 
pigments. 

The change of the level of 3-hydroxykynurenine 
is also given in Figure 5a, which shows that this 
compound is at a low level throughout the pupal 
stage [44]. 

Furthermore, the amounts of total and free 
kynurenine were measured in fat body, hae- 
molymph, and wings during the pupal stage [45]. 
In fat body and haemolymph, both total and free 
kynurenine begin to increase at about the time of 
eye pigmentation, reach a maximum at the time 
of or shortly after the red spot appearance, and 
after that, rapidly decrease (Figs. 6a and 6b). 
There is hardly any difference in quantity between 
total and free kynurenine. It indicates that there 
is no bound form of kynurenine in fat body and 
haemolymph. In wings, free kynurenine begins 
to increase at the time of brown eye color (the 
6th day), reaches a maximum immediately before 
emergence, and decreases a little at the emergence 
(Fig. 6c). On the other hand, total kynurenine 
begins to increase shortly before the red spot 
appearance (between the 7th and 8th days) and 
keeps increasing up to the time of emergence 
(Fig. 6c). In contrast to fat body and _ hae- 
molymph, there is much difference in quantity 
between total and free kynurenine. This means 
that the bound form of kynurenine accumulates in 
the wings. This is nothing but the accumulation 
of Papiliochromes in the yellow scales. 

Activity of tryptophan oxygenase in the fat 
body, haemolymph, and wings was measured at the 
time of red spot appearance [45]. Haemolymph 
did not show any activity, while fat body gave a 
strong activity. Wings showed also some activity. 

At the emergence of butterfly, a considerable 
amount of free kynurenine 
meconium. Empty pupal case, exuviae, contains 
also a small amount of kynurenine which is of 
insoluble form. Whole adult body except yellow 


is excreted in a 
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(a) fat body, (b) haemolymph, and (c) wings during 
the pupal stage of P. xuthus. Open circle and 
broken line, total kynurenine; solid circle and 
unbroken line, free kynurenine. The symbols in 
abscissa are the same as in Fig. 5. 


sacles contains also a considerable amount of 
kynurenine [45]. 
From all these experimental results, it appears 


Y. UMEBACHI 


most probable that a large amount of kynurenine 
is synthesized in fat body, transported as a free 
form through haemolymph into wings, and ac- 
cumulates there as the bound form (Papilio- 
chromes II and III). But the possibility that 
some kynurenine is synthesized in wing itself can 
not be ruled out. 

Papiliochromes II and III are not found in any 
other tissues than pale yellow scales. It is of some 
interest to note that eyes and testes contain om- 
mochromes [46]. 


B. Beta-alanine and dopamine 


Although the free $-alanine level in haemolymph 
is rather low, it shows a peak at about the time of 
red spot appearance in the hind-wings and then 
decreases. In the wings also, 6-alanine increases 
at the time of or shortly after the red spot ap- 
pearance. Most of the §-alanine in the wings is 
present not as a free form but as a bound form. 
Now a question may arise whether or not the B- 
alanine will be transported as a free form to the 
cells of scales. It has remained unsettled, however, 
interestingly a small amount of a bound form of 
f-alanine is found in the haemolymph already 
before the bound form of §-alanine appears. in 
wings. Ishizaki has recently proved that the 
bound form of $-alanine in haemolymph coincides 
with N-f-alanyldopamine in chromatographic 
behaviors and color tests and produces /-alanine 
and dopamine on acid hydrolysis [47]. The 
amount of the compound in haemolymph increases 
at the same time as or immediately after the peak 
of free f-alanine. Also in the wings, the com- 
pound is found before the appearance of pale 
yellow pigments. From all these results, it is 
assumed that f-alanine is transported as N-f-— 
alanyldopamine from haemolymph to scales (or 
cells of scales) and there combines with kynurenine 
to form pale yellow pigments (Papiliochromes II 
and ITI). 


Vil. RELATION TO THE 
SCLEROTIZATION OF CUTICLE 


It is especially important that Papiliochrome II 
contains N-f-alanyldopamine as its component, 
because the latter compound seems to play an 
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important role in the sclerotization of cuticle and 
to have an influence on melanin formation. 

As is already known, in some insects, S-alanine 
is incorporated into cuticle just at the time of 
sclerotization [48, 49, 52, 55]. In the cases like 
that, the incorporation of dopamine seems to be a 
prerequisite for the incorporation of {§-alanine 
[53, 54]. Concerning the {-alanine in cuticle, 
another interesting fact is well known, that is, 
the cuticle of black mutant strains of some insects 
lacks in §-alanine, while the cuticle of wild-type 
strain contains the amino acid [50—52, 56]. 

At present there are two important theories as 
to the sclerotization of cuticle. One is the quinone- 
tanning mechanism which has been known since 
Pryor’s pioneering work in 1940's [see 57-59]. The 
other is the §-sclerotization mechanism which has 
been proposed by Andersen in 1970’s [58, 59]. In 
both cases, N-acetyldopamine is regarded to act as 
the sclerotizing agent. In the quinone-tanning, 
the cuticle is hardened and simultaneously turns 
brown. The hardening and brownish coloration 
cannot be separated. On the other hand, in the 
$-sclerotization, the cuticle is not colored and 
remains white, that is, white and yet hard cuticle. 
The most important basis for this theory is that the 
cuticle releases some ketocatechols on hydrolysis. 
They are neutral ketocatechols (2-hydroxy-3’, 
4’-dihydroxyacetophenone and 3, 4-dihydroxy- 
phenylglyoxal) and 2-amino-3’, 4’-dihydroxy- 
acetophenone [58, 59]. 

In the course of the investigation of Papilio- 
chromes, Umebachi and Aburano [60] examined 
for the presence or absence of f-alanine in the 
wing-scales of various butterflies. The scales 
were hydrolyzed in 1 N HC! at 100°C for Shr 
after being washed with 70% ethanol, and the 
hydrolysate was submitted to two-dimensional 
thin-layer chromatography. The presence or 
absence of §-alanine has proved to depend on the 
family or genus and moreover on the pigment of 
the scales. At the same time, it was found that the 
presence or absence of two phenolic substances 
depended also on the family or genus and on the 
pigment of scales. The phenolic substances were 
neutral ketocatechols, and one of them was 
identified as 2-hydroxy-3’, 4’-dihydroxy-aceto- 
phenone [61]. Very interestingly, a general 


tendency has been noticed that the scales which 
contain a large amount of §-alanine release none or 
only a small amount of ketocatechols. In other 
words, the presence or absence of §-alanine is 
inversely related to the presence or absence of 
ketocatechols released on hydrolysis. This means 
that the amount of f-alanine in scales may be 
inversely related to the extent of §-sclerotization. 
Recently, Umebachi and Kiyokawa [62] have 
proved using three kinds of body color mutants 
yellow, black, and ebony of Drosophila melanogaster 
that the inverse relationship between /-alanine 
and ketocatechols released is true of the puparial 
cuticle. 

The above-mentioned facts may be summarized 
as follows: (1) the necessity of dopamine for the 
incorporation of §-alanine into cuticle, (2) the 
inverse relationship between eumelanin and {- 
alanine in cuticle, and (3) the inverse relationship 
between f-sclerotization and f-alanine. As a 
key-substance which can explain these three facts, 
N-f-alanyldopamine may be considered. 

Umebachi [20] emphasized the close relationship 
among  Papiliochromes,  sclerotization, and 
melanin. Recently, Hopkins et al. [63, 64] have 
reported that N-S-alanyldopamine can act as a 
sclerotizing agent. Griin and Peter [65] have also 
obtained a similar result. According to them, 
N-§-alanyldopamine is a better substrate for 
phenoloxidase than is N-acetyldopamine and the 
former dopamine derivative may be a stronger 
sclerotizing agent than the latter in some insects or 
at some developmental stage. There is a pos- 
sibility that f-alanine, in the form of N-/- 
alanyldopamine, can influence the balance between 
quinone-tanning and_ f-sclerotization. N-/- 
alanyldopamine may be favorable for quinone- 
tanning and unfavorable for §-sclerotization. 

Recently, Kawasaki and Yago [66], Yago ef al. 
[67], and Yago and Kawasaki [68] have reported the 
presence of N-maronyldopamine, N-S-alanyldopa- 
mine, and N-(N-acetyl-S-alanyl)\dopamine in the 
left colleterial gland of praying mantis. What 
role do these dopamine derivatives play in the 
hardening of the ootheca of mantis? It will be an 
interesting subject of future research. The bio- 
chemistry of dopamine derivatives in insects has 
become more exciting. 


VII. CONCLUSION 


The investigation of Papiliochromes is important 
in the following two senses: (1) as the discovery of 
a new pigment group in insects and (2) as the dis- 
covery of a new catecholamine, N-f-alanyldopa- 
mine. And the latter compound is making a new 
contribution to the biochemistry of the scleroti- 
zation of cuticle. It may be said that N-£- 
alanyldopamine is, on one side, used as a com- 
ponent of pigments and, on the other side, acts 
as a physiologically active susbtance. 

The role of Papiliochrome in nitrogen metab- 
olism of insects may be summarized as shown in 
Figure 7, which includes uric acid, pteridines, 
f-alanine, ommochrome, melanin, sclerotization of 
cuticle, and others. Nitrogen of amino acids will 
be incorporated into purines, pteridines, tetrapyr- 
roles, and f-alanine. Beta-alanine will result 
from the degradation of not only aspartic acid 
but also pyrimidines. Ommochromes are synthe- 
sized from 3-hydroxykynurenine. The orange 
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pigment (a derivative of 3-hydroxyanthranilic 
acid) of the Lycaenidae is also derived from 3- 
hydroxykynurenine [69]. Indole melanin will be 
synthesized from dopamine as well as dopa. 
Sclerotizing agents also stem from dopamine. 
Therefore, dopamine is incorporated into three 
different kinds of nitrogen compounds, melanin, 
Papiliochrome, and _ sclerotin. One of the 
importance of Papiliochrome lies in the fact that 
the pigments are derived from both tryptophan 
and tyrosine metabolites. This is the first one 
of this kind in nature. 
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Circadian Changes in Synaptic Ribbons in the 
Pineal Organ of the Japanese Common Newt, 
Cynops pyrrhogaster pyrrhogaster 


MISsAO KIKUCHI and KiyosHi AOKI 


Life Science Institute, Sophia University, 7—1 Kioicho, 
Chiyoda-ku, Tokyo 102, Japan 


ABSTRACT — Previous behavioral experiments on the Japanese common newt, Cynops 
pyrrhogaster pyrrhogaster, have revealed that the pineal organ plays an important role in locomotor 
activity rhythms. In the present study, morphological changes in the pineal organ were investigated 
with an electron microscope. In the pineal organ, there are synaptic ribbons surrounded by numerous 
clear vesicles in the photoreceptor basal process. The number of synaptic ribbons was found to 
exhibit a daily rhythm, and was low during the light phase and increased to attain a peak during the 
dark phase under different light conditions. The length of synaptic ribbons also showed the similar 
daily rhythm, although significant daily changes were not observed under a short photoperiod. The 
daily rhythm in the number of synaptic ribbons persisted and showed a free running rhythm under con- 
stant darkness. These results suggest that the daily rhythms in the number of synaptic ribbons are 
endogenous circadian rhythms entrained to a light-dark cycle. Although the exact function of 
synaptic ribbons in Cynops has not been known, these rhythms might be good indicators for investi- 
gating the rhythmic function of the pineal organ. 
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INTRODUCTION 


The pineal organs of amphibians are functional 
photoreceptors for various physiological and 
behavioral activities [1,2]. Some amphibians 
show an endogenous locomotor activity rhythm, 
and the pineal organ is implicated in its entrainment 
to a light-dark cycle [3-5]. Behavioral experiments 
on the Japanese common newt, Cynops phyr- 
rhogaster phyrrhogaster, have revealed that the 
pineal organ is used as a photoreceptor for the 
entrainment of the locomotor activity rhythm to 
a light-dark cycle (Chiba and Aoki, in preparation). 
There are photoreceptor cells similar to those 
found in the retina of vertebrates in the pineal 


organ of Cynops [6,7]. Photoreceptor cells 
contain Golgi bodies, endoplasmic reticulum, 
synaptic ribbons, dense-cored vesicles and 


numerous organelles. 
Synaptic ribbons have been shown to vary in 
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number according to a circadian rhythm in the rat 
[8, 9], the guinea-pig [10, 11], the baboon [12] and 
the goldfish [13]. In darkness, the photoreceptor 
basal processes show a number of synaptic ribbons 
[14]. 

There are no reports regarding the morphological 
changes in synaptic ribbons in the pineal organ of 
amphibians, although types of synaptic relation- 
ships and synaptic ribbons of urodeles, Diemictylus 
viridescens viridescens [15], Ambystoma tigrinum 
[16] and Ensatina eschsholtzi [17], have been 
investigated morphologically. The present inves- 
tigation was undertaken to examine the behavior 
of synaptic ribbons in Cynops under various light 
conditions. It was hoped that these investigations 
would contribute to a better understanding of the 
circadian rhythm of Cynops. 


MATERIALS AND METHODS 


A total of 220 sexually mature Japanese common 
newts, Cynops pyrrhogaster pyrrhogaster, body 
length 10-12 cm, were used in this study. They 
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were kept under controlled conditions of temper- 
ature (23+1°C) and photoperiod (12 hr light: 
12 hr dark; light on at 0200 hr) for 2 months. The 
light intensity was about 50 lux. 

For the first experiment, newts were decapitated 
at 0300, 0600, 0900, 1200, 1500, 1700, 1900 and 
0100 hours. 

For the second experiment, newts entrained to 
the original conditions were exposed to a light-dark 
cycle of 15: 9 (light on at 0800 hr) for 20 days, and 
then decapitated at 1100, 1400, 1700, 2200, 2400, 
0200, 0400 and 0700 hours. 

For the third experiment, newts entrained to the 
original conditions were exposed to a light-dark 
cycle of 9: 15 (light on at 0800 hr) for 20 days, and 
then decapitated at 0900, 1100, 1400, 1600, 2000, 
2300, 0200 and 0700 hours. 

For the fourth experiment, newts entrained to 
the original conditions were exposed to constant 
darkness for 3 days, and then decapitated at 0400, 
0700, 1000, 1300, 1600, 1900, 2200 and 0100 hours. 

Seven newts were sacrificed at each time point 
and preparation and fixation were carried out 
under dim red light during the dark period and 
daylight condition for the light period, re- 
spectively. 

The brains of the newts were quickly dissected 
and fixed in 2.5% glutaraldehyde, 2.0% parafor- 
maldehyde in 0.1 M cacodylate buffer (pH 7.3) 
at 0-4°C. Following primary fixation for 24 hr, 
the brain was trimmed and postfixed in 1.5% 
osmium tetroxide in the same buffer for 2 hr. The 
tissue was block-stained with 0.3% uranyl acetate 
for one hour, dehydrated through a graded ethanol 
series, infiltrated with propylene oxide and 
embedded in Epon 812. All blocks of the brains 
were oriented so as to obtain sagittal sections and 
cut close to the median plane with a Porter-Blum 


MT-1_ ultramicrotome. Ultrathin — sections 
Fic. 1. 
segment (IS) and nucleus (PN). 
x 5,500. 


mounted on 300-mesh copper grids were contrasted 
with uranyl acetate followed by lead citrate and 
examined with a Hitachi H-—300 
microscope. 

For quantitative assessment of the number of the 
synaptic ribbons, synaptic ribbons lying inside 3 
grid apertures were counted. Data are expressed 
as the mean number of synaptic ribbons -+standard 
error of the mean per unit area. The unit area 
corresponds to an area of 3 grid apertures 
measuring 9,600 ym’. 

The lengths of 60 synaptic ribbons selected at 
random at each time point were measured from 
micrographs (50,000). The lengths are ex- 
pressed as the mean length of synaptic ribbons + 
standard error of the mean. | 

The results were analyzed statistically with the 
Mann-Whitney’s U-test. 


electron 


RESULTS 


The pineal organ of the Japanese common newt 
is composed of photoreceptor cells, supporting cells 
and neurons. The outer segment of the photo- 
receptor cells is well organized, long, and similar 
to the cone-type outer segment of the photoreceptor 
cells found in the retina of vertebrates. In the 
inner segment, there are numerous mitochondria, 
Golgi complexes, endoplasmic reticulum, lyso- 
somes, dense-cored vesicles, clear vesicles, micro- 
tubules and a large concentration of glycogen 
granules similar to the paraboloid structure found 
in the cone cell of the retina (Figs. 1 and 2). The 
photoreceptor basal processes, filled with clear 
synaptic vesicles 50 nm in diameter, are connected 
with neural dendrites by synapses. Among the 
synaptic vesicles, mitochondria and synaptic 
ribbons are observed (Fig. 3). 

Synaptic ribbons surrounded by clear synaptic 


Electron micrograph of photoreceptor cells in the pineal organ showing outer segment (OS), inner 
A newt was sacrificed at 0900 hr under a light-dark cycle of 12: 12. 


Fic. 2. An inner segment of a photoreceptor cell of a newt sacrificed at 1900 hr under a light-dark cycle of 
12: 12 containing mitochondria (M), rough endoplasmic reticulum (RER), Golgi bodies (G) and a dense- 


cored vesicle (DVC). 
Fic. 3. 


x 35,000. 


cells and neural dendrites can be observed. 


arrow: synaptic ribbon. 


Neuropile region of a newt sacrificed at 0900 hr under a light-dark cycle of 12: 12 composing the basal 
processes of photoreceptor cells (PP) and neural dendrites (ND). 


Ribbon synapses between photoreceptor 
x 19,000. 
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sacrificed at 1700 hr under a light-dark cycle of 15: 9. 


Fic. 5. 
at 1700 hr under a light-dark cycle of 12: 12. 


vesicles are observed at the synapses between the 
photoreceptor cell and the neural dendrites (Fig. 3). 
Most ribbons are observed in the basal processes, 
but in the inner segment, there are groups of two 
or three ribbons at some junctions between 
photoreceptor cells (Fig. 4) and sometimes up to a 
maximum 10 can be seen (Fig. 5). These ribbons 
are also surrounded by clear vesicles. 

Significant daily changes were observed in the 
number of synaptic ribbons under a light-dark 
cycle of 12: 12 (light on at 0200 hr). The number 
of synaptic ribbons was constant during the light 
phase and it increased during the dark phase to 
reach its peak at 2000 hr (Fig. 6a). 

However, since a single experiment carried out 
over one 24hr cycle was not enough to judge 
whether this daily change constitutes the circadian 
rhythm entrained by light-dark cycle, follow-up 
experiments were made to investigate changes 
under different light conditions. 

The newts entrained to a light-dark cycle of 
12: 12 (light on at 0200 hr) for two months were 


Several synaptic ribbons without apparent connection to the cell membrane. 
x 19,000. 


A newt was 


x 24,000. 
A newt was sacrificed 


then subjected to either long photoperiod (15 hr 
light: 9 hr dark; light on at 0800 hr) and short 
photoperiod (9 hr light: 15 hr dark; light on at 
0800 hr) for 20 days. Under these conditions, the 
number of synaptic ribbons was low during the 
light phase, and increased after the onset of 
darkness to reach a peak following approximately 
5-7 hr of exposure to darkness (Fig. 6b, 6c). 

Daily changes in synaptic ribbons persisted in 
the newts that were entrained to the light-dark 
cycle of 12:12 (light on at O200hr) and then 
exposed to constant darkness for 3 days, although 
the amplitude was low. 

The changes in the length of synaptic ribbons 
were investigated under the same light-dark cycles. 
The length of synaptic ribbons also increased 
after the onset of darkness and reached a peak 
following approximately 6hr of exposure to 
darkness under the light-dark cycles of 12: 12 
(light on at 0200 hr) and 15: 9 (light on at 0800 hr). 
However, significant daily changes were not 
observed under the light-dark cycle of 9: 15 
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Fic. 6. Graphs showing mean values -+standard error of the mean for length (dashed lines) and number 
(solid lines) per unit area of synaptic ribbons over a 24-hr period. Newts were exposed to light-dark 
cycles of (a) 12: 12, (b) 15: 9, (c) 9: 15 and (d) constant darkness. 


(light on at O800hr) and constant darkness 
(Fig. 6c, 6d). 


DISCUSSION 


The pineal organ plays several important roles 
in rhythmic activities. In lower vertebrates, the 
pineal organ functions as a photoreceptor but the 
mammalian pineal gland is an endocrine organ 
and photoreceptor elements are not found. In 
the mammalian pineal gland, there are marked 
circadian rhythms in serotonin N-acetyltransferase 
activity [18,19] and serotonin or melatonin 
contents [20, 21], although the pineal organ is not 


a circadian pacemaker. In contrast, there is 
much evidence that the avian pineal organ 
contains a circadian pacemaker. Circadian 


rhythmicity can be restored by transplantation of 


the pineal organ into the pinealectomized sparrow, 
and the phase and period of the donor’s rhythm is 
transferred to the host [22, 23]. Further, the 
cultured pineal gland of chickens continues to 
express a circadian rhythm of N-acetyltransferase 
activity [24, 25]. The pineal organs of am- 
phibians are functional photoreceptors for 
orientation [1,2] and the entrainment of the 
circadian locomotor rhythm [3-5], and contain 
melatonin that caused changes in skin pigmentation 
[26-28]. 

The pineal organ of Cynops possesses photo- 
receptor cells with well-organized outer segments 
[6, 7] and is implicated in the entrainment to a 
light-dark cycle of the locomotor activity rhythm 
(Chiba and Aoki, in preparation). Further, 
unpublished behavioral experiments have indicated 
that the pineal organ of Cynops may contain a 
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circadian pacemaker. Ultrastructural studies sug- 
gest that photoreceptor cells in the pineal organ of 
Cynops contain organelles considered as being 
either synthetic or secretory in function such as 
Golgi bodies, endoplasmic reticulum, dense-cored 
vesicles, clear vesicles and microtubules, although 
the synthesis of melatonin and other pineal 
indoleamines in the pineal organ has not been 
studied yet by biochemical experiments. 

In Cynops, the number of synaptic ribbons 
showed a circadian change, being low during the 
light phase and attaining a maximum during the 
dark phase under light-dark cycle of 12: 12, 15:9 
and 9: 15. The changes in the number of synaptic 
ribbons and ribbon fields have been investigated in 
the rat [8, 9], the guinea-pig [10, 11], the baboon 
[12] and the goldfish [13], and these results were 
similar to those observed in this study. Synaptic 
ribbons are observed in the retina of vertebrates and 
possibly involved in neurochemical transmission. 
However, in mammals, it has been indicated that 
synaptic ribbon vesicles in the pinealocyte may be 
involved in the synthesis and storage of melatonin 
[12], and synaptic ribbons may provide a structural 
link between indoleamine-catecholamine circadian 
rhythms and membrane recycling [29]. There are 
ribbon fields which consist of ribbons and vesicles 
in the mammalian pineal gland and these may 
function as storage organelles for secretory pro- 
ducts. Although most synaptic ribbons in the 
pineal organ of Cynops are observed in the 
processes of the photoreceptor cells and these 
ribbons are probably implicated in neural trans- 
mission, ribbons observed in the inner segment 
may be involved in other roles similar to those of 
mammalian synaptic ribbons. Since the rhythms 
persisted in Cynops exposed to constant darkness 
for 3 days, the daily rhythm in the number of 
synaptic ribbons was an endogenous circadian 
rhythm. Although longer observation under 
constant darkness would be desirable, the differ- 
ence in free running period (23-26 hr) between 
individual animals makes longer observation 
meaningless. Under light-dark cycles of 12: 12 
and 15: 9, significant daily changes in the length 
of synaptic ribbons were observed. The pattern of 
the rhythm was similar to that of the number of 
synaptic ribbons. Under a light-dark cycle of 


9:15 and constant darkness, although small 
changes were observed, they did not reach sig- 
nificant levels. 

The exact function of synaptic ribbons in Cynops 
is not known and further experiments are needed 
to resolve the role of synaptic ribbons. However, 
it appears from the present investigation that the 
morphological changes of synaptic ribbons show 
circadian rhythms and they might be good indi- 
cators for investigating the relationship between the 
pineal organ and circadian rhythms. 
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Innervation and Responsiveness of Melanophores in Regenerating 
Scales of the Medaka, Oryzias latipes 


SEI MIYATA 


Zoological Institute, Faculty of Science, Hiroshima University, 
Hiroshima 730, Japan 


ABSTRACT — Changes in the innervation pattern and responsiveness of melanophores to 
melanosome-aggregating agents were investigated during scale regeneration of the medaka, Oryzias 
latipes, using the zinc iodide-osmium staining method and autoradiography with [*H]norepinephrine. 
During the initial period of scale regeneration (about 5 days), granular melanophores appeared in 
the scales without nerve supply. On the 7th day, melanophores in the regenerated scales acquired a 
poorly dendritic form and were innervated with one or two nerve fibers. They responded to 
norepinephrine with a full aggregation of their pigment, while the degree of their response to K* was 
slight and transient. On the 21st day, melanophores assumed a nearly normal figure with numerous 
but slender dendrites, being innervated with sparse networks of nerve fibers, whose response to K* 
increased considerably in level but not completely. On the 42nd day, the nerve fibers ramified to 
form fine networks over corresponding well-developed melanophores which responded to K* with 
a full aggregation of pigment. Autoradiographs revealed that the density of labeling which cor- 
responded to [H]Jnorepinephrine on nerve fibers increased with progress in scale regeneration. 
These findings imply that the lower degrees in response of melanophores to K* to the early stages 
of scale regeneration are due to an insufficiency in the net amount of neurotransmitter stored and 
released by each nerve fiber and also to the sparse distribution of nerve fibers to individual melano- 
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phores. 


INTRODUCTION 


Physiological color changes in poikilothermal 
vertebrates have been known to be brought about 
through intracellular migration of pigment granules 
within dermal chromatophores [cf. 1, 2]. Much 
evidence has shown that melanophores of teleost 
fish are under the control of sympathetic post- 
ganglionic fibers [3-9]. Both repetitive electric 
current and potassium ions induce aggregation of 
melanosomes within melanophores through stim- 
ulation of melanophore nerves and their terminals, 
respectively [10-14], and the released neuro- 
transmitter has been suggested to be norepinephrine 
[3, 5, 14-16]. Furthermore, melanophore nerves 
can take up released neurotransmitter or exogenous 
norepinephrine [5, 15, 17, 18]. Also, it has been 
shown that adrenergic receptors mediating melano- 
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some aggregation in teleost melanophores are of 
an alpha nature [7, 14, 19, 20]. 

Most of the evidence hitherto accumulated is on 
melanophores from adult fish, while there is very 
little on developing melanophores [21]. On the 
other hand, a considerable number of reports have 
shown that although melanophores become 
insensitive to various nerve-mediated stimuli 
when their nerve fibers are dissected at their 
proximal side, they gradually restore the ability 
during subsequent time courses, probably through 
regeneration of the nerve fibers [1, 10, 22-25]. 
However, there have been no morphological or 
histological attempts to substantiate this evidence. 
We recently observed that when the dorsal scales 
of the medaka, Oryzias latipes, were surgically 
removed, new scales regenerated in the same area, 
in which melanophores developed and normal 
responses of the cells to melanosome-aggregating 
agents were reestablished with progress in scale 
regeneration. Therefore, as a part of our studies 
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on color change mechanisms in teleosts, the present 
study was undertaken to elucidate the functional 
relationship between developing melanophores and 
their innervation pattern in regenerating fish scales, 
physiologically and histologically, using tritiated 
norepinephrine in light microscopic autoradio- 
graphy. Distribution of melanophore nerves was 
also examined by the zinc iodide-osmium staining 
method which has been known to stain adrenergic 
neurons [26, 27]. In this study, however, no 
morphological examination was made with regard 
to the initial appearance of melanophores during 
scale regeneration because of the previously 
stated experimental purpose. 


MATERIALS AND METHODS 


Scale melanophores of the medaka, Oryzias 
latipes (wild type), were used. To obtain re- 
generated scales, original intact scales of the 
antero-dorsal part of the fish were removed with a 
fine forceps. The animals were then kept in a 
glass tank filled with tap water at 23°C with over- 
head illumination and a 12L-12D photoperiod. 
A few days after the surgery, new scales regenerated 
at the excised part of the animals. Experiments 
were performed on regenerated scales isolated on 
the 5th, 7th, 21st and 42nd day after the operation, 
respectively. 

For microscopic observation of the melanophore 
response, an isolated scale was fixed under a cover 
slip, which was mounted on a glass trough, and 
then the whole assembly was placed on a micro- 
scopic stage. The scale was kept immersed in 
physiological saline (128 mM NaCl, 2.5mM KCl, 
1.8mM CaCl, pH=7.3 with 5.0mM Tris-HCl) 
which filled the trough, except when experimental 
media were applied. As melanosome-aggregating 
reagents, isotonic (130mM) KCl and 5 uM 
norepinephrine (NE, Sigma Chemical Co., St. 
Louis) were used. The responses of melanophores 
to the stimulating reagents were recorded photo- 
electrically according to the method described by 
Katayama [17]. 

Zinc iodide-osmium (ZIO) mixture for staining 
nerve fibers was prepared as follows: 2g of zinc 
dust and 1 g of iodine crystals were dissolved in 
40 ml of deionized water and filtered. Then, 


2 ml of the filtrate was mixed with 0.5 ml of a 
2% aqueous solution of osmium tetroxide and 
6ml of 0.2M sodium acetate buffer (pH 4.2). 
Epidermis-free scales, which were obtained through 
treatment with EDTA as reported previously [8], 
were stained with the ZIO mixture for 6 to 7 hr in 
a light-proof box at 4°C. Then the scales were 
rinsed with tap water, dehydrated with a series of 
graded alcohol, cleared with xylene and mounted 
on slides with cover slips using a synthetic resin. 

Autoradiograms of isolated scales were prepared 
according to the method used in a previous study 
[8]. Epidermis-free scales were incubated with 
0.46 uM [?H]norepinephrine ((?]H}NE, specific 
activity 24.2 Ci/mmol, New England Nuclear 
Corporation, Boston) in saline for 1 hr at 23°C 
in the presence of 0.1mM _ phentolamine (Ciba- 
Geigy Ltd., Basel, an alpha adrenergic antagonist) 
which was employed to keep melanophores in a 
melanosome-dispersed condition. After several 
washings in saline, the scales were fixed in a 
mixture of 5% potassium bichromate and acetic 
acid (volume ratio of 20: 1) for 2 days. Then they 
were rinsed with deionized water for 5 hr and were 
mounted on slides coated with gelatin. After being 
air dried, the slides were dipped in Sakura NR—M2 
liquid nuclear emulsion (Konishiroku Photo 
Industries Co., Tokyo) and placed in dark and cold 
for 7 days. Films were developed, fixed and then 
washed in tap water. They were dehydrated with 
graded alcohol and cover glasses were mounted. 

As control specimens, denervated scales which 
were secured from animals 3 days following — 
intraperitoneal injection of 80 g/g body weight of 
6-hydroxydopamine (6-OHDA, Sigma Chemical . 
Co., St. Louis) after Iga and Takabatake [28], | | 
were also prepared by the same method. For” 
microscopic observations and photography, a 
dark-field epi-illumination microscope (Olympus, 
BHT-NEL) was used. 


RESULTS 


1. Morphology and physiological response of 
regenerating melanophores 


Changes in both morphology of melanophores 
and response of the cells to isotonic KCI and 5 uM 
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Fic. 1. A microphotograph of a scale isolated after 5 
days of regeneration from the antero-dorsal part 
of the medaka, Oryzias latipes, from where inborn 
intact scales had beenremoved. Granular melano- 
phores of various shapes and sizes are observed to 
be distributed locally in the scale. Scale bar, 
50 um. 


NE during scale regeneration are presented in 
Figures 1 to 3, respectively. On the Sth day 
following the surgery, black granulated melano- 
phores of various shapes and sizes were distributed 
in the localized area of the regenerated scales 
(Fig. 1). These melanophores did not show any 
sign of response to either KCl or NE. On the 
7th day after the operation, bipolar or poorly 
dendritic melanophores were distributed evenly 
in the scales (Fig. 3a). These melanophores 
responded to NE with complete aggregation of 
their pigment (Fig. 3c). Isotonic KCI could also 
induce aggregation of the pigment in these cells, 
but the response was much smaller in degree 
and was followed by a marked redispersion of 
melanosomes (Figs. 2 and 3b). On the 21st day, 
the appearance of melanophores in the scales was 
observed to be almost the same as that in the cells 
of the original intact scales, in having numerous 
dendritic processes (Fig. 3d). However, their 
contour was rather slender and the density of 
melanosomes within them was relatively less. 
Melanophores of this stage responded to KCI with 
an increased degree of pigment aggregation 
(Fig. 3e), which again was followed by a redis- 
persion of the pigment (Fig. 2). In the 42nd day 
scales, melanophores assumed a well-developed 
appearance and further, they could respond to KCl 


Aggregation(%) 


8) = 
Time (min) 


Fic. 2. Typical examples showing the time course of 
melanosome-aggregation response of melanophores 
in regenerated scales to isotonic KCI. Ordinate, 
degree of melanosome aggregation in per cent. 
Abscissa, time after administration of KCI in min. 
@, response of a melanophore in the 7th day 
regenerated scale; A, the 2lst day scale; @, 
the 42nd day scale. 


in quite the same fashion as those of the intact 
scales. Thus, a fully pigment-aggregated state was 
maintained during a 10-min immersion in the 
agent (Figs. 2 and 3h). Administration of NE to 
the 21st and 42nd day scales also caused a full 
aggregation of pigment (Fig. 3f and i). 

Among chromatophores of the present teleost, 
xanthophores were observed to appear in regener- 
ating scales 5 days after the surgery. However, 
their pigment content was so small that the 
response of the cells to aggregating agents could 
be hardly determined even in scales of the 2\Ist 
day. On the other hand, leucophores, one of the 
other chromatophores, emerged in scales in a 
relatively later stage of regeneration. Both their 
shape and response to KCl were yet incomplete 
on the 21st day (Fig. 3d to f), while they seemed 
to be the same as those of cells in intact scales on 
the 42nd day (Fig. 3g to i). 


2. Innervation pattern 


The distribution pattern of nerve fibers to 
melanophores in regenerating scales was first 
examined by the ZIO method. In scales obtained 
on the Sth day after the surgery, no sign of inner- 
vation could be detected (Fig. 4a), but on the 7th 
day, one or two thick nerve fibers were seen to 
run along poorly dendritic melanophores (Fig. 4b). 


# 


Microphotographs of regenerated scales showing the response of melanophores to isotonic KCl and 
5 uM NE, respectively, taken through bright-field and dark-field illumination simultaneously. Upper 


Fic. 3. 


row, a regenerated scale obtained on the 7th day after surgery. 
Left column, melanosome-dispersed state of melanophores in physiological 
Middle column, a fully melanosome-aggregated state of cells in response to isotonic KCl at 3 min 


row, the 42nd day scale. 
saline. 
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Middle row, the 21st day scale. Lower 


(b), 4 min (e) and 10 min (h), respectively. Right column, maximally pigment-aggregated state in response 


to NE. Scale bar, 50 ym. 
further explanation, see text. 


With progress in scale regeneration, relatively thin 
fibers branched out from the thick ones to form a 
fine network around each melanophore (Fig. 4c 
and d). In Figure 4e, the innervation pattern in 
an original scale is shown for reference, in which 
numerous varicosities are seen along the thin 
fibers. Such fibers could not be stained with ZIO 
in denervated scales obtained from 6-OHDA- 


In the two lower rows, the response of leucophores is also shown. 


For 


injected animals (Fig. 4f). 

Figure 5 presents autoradiographs of regener- 
ating scales. In the 7th day scale, a few fibers 
sparsely labeled with [PH]-NE were observed to 
run along processes of the corresponding immature 
melanophores (Fig. 5a and b). The number of 
distributed fibers, the degree of their branching and 
the density with which they were labeled increased 
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Fic. 4. Microphotographs of regenerated and original intact scales stained with ZIO. a. A scale obtained 
on the 5th day of regeneration showing granulated melanophores, where no nerve fiber is seen. b. A 
7th day scale, in which a nerve fiber (arrows) is observed to pass along a poorly dendritic melanophore. 
c. A 2ist day scale showing a ramified nerve fiber (arrow) which encloses an aggregated melanophore. 
d. A 42nd day scale, in which a relatively dense plexus of nerve fibers is seen around an aggregated 
melanophore. e. An intact scale, where abundant varicosities (arrows) are seen on nerve fibers. f. A 
denervated scale obtained from a 6-OHDA- injected animal, where no nerve fiber stained with ZIO is 
seen. Inctof, melanophores were aggregated by pretreatment with 5 ~M NE. B, blood vessel; M, 
melanophore; X, xanthophore. Scale bar, 20 um. 


188 


S. MIYATA 


Fic. 5. Autoradiographs of regenerated scales incubated with [>H]-NE in the presence of 0.1mM 
phentolamine. The labeling which corresponds to [>H]-NE can be seen as a black tint through bright- 
field illumination (left column) and as a white tint through dark-field illumination (right column). a 
and b. The same regenerated scale obtained on the 7th day after surgery, showing sparse distribution of 
labeled fibers (arrows) along poorly dendritic melanophores. cand d. A 21st day scale showing rami- 
fication of labeled fibers over the corresponding melanophores with slender dendritic processes. e and f. 
A 42nd day scales where fairly dense networks of labeled fibers are seen over corresponding melano- 


phores. Scale bar, 50 ym. 
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with progress in the process of regeneration, 
forming fine networks on individual melanophores 
(Fig. Sc to f). 


DISCUSSION 


The present results revealed that when original 
scales were removed from a part of the fish trunk, 
new scales regenerated in the same area, in which 
melanophores appeared, at first without nerve 
supply. Then, with progress in scale regeneration, 
a normal pattern of innervation to melanophores 
was reestablished with the maturation of the 
melanophores themselves. Such relationships be- 
tween innervation and changes in responsiveness of 
developing melanophores are similar to those 
which have been observed in embryonic melano- 
phores of the rainbow trout, Salmo irideus [21]. 
Embryonic melanophores of relatively early 
developmental stages respond to epinephrine with 
rapid aggregation of their pigment but do not 
show any responses to either electric stimulus 
or potassium ions, i.e., merve-mediated stimuli. 
During the subsequent stages, they acquire the 
ability to respond to all of the pigment-aggregating 
agents as a consequence of the establishment of 
nerve supply. 

In the present study, melanophores in regener- 
ated scales were still immature, assuming bipolar 
or poorly dendritic appearance on the 7th day 
after surgery, but they could respond to NE with 
full aggregation of their pigment. Since aggre- 
gation of melanosomes within melanophores of 
many fish species is known to occur through the 
stimulation of alpha adrenergic receptors in the 
cells by neurotransmitter action or exogenous 
catecholamines [7, 14, 20], the present results 
suggest that the melanophores in this stage of 
regeneration had receptors which were already in 
function. 

Isotonic KCl could also cause aggregation of 
melanosomes within melanophores of the 7th day 
scales, though the degree of aggregation was 
significantly less than that of the cells in response 
to NE, and besides it was followed by redispersion 
of the pigment. Similar response to KCI has been 
demonstrated on scale melanophores of the 
medaka during regeneration of melanophore 


nerves subsequent to dissecting surgery [25], and 
on scale melanophores of the dark chub, Zacco 
temmincki, which had been once denervated 
through intraperitoneal injection of 6-OHDA 
to the fish [28]. Potassium ions are known to act 
on the terminals of melanophore nerves to release 
neurotransmitter, thereby causing aggregation of 
melanosomes within melanophores [10, 11]. This 
fact has been substantiated autoradiographically 
at the tissue level with scale melanophores of the 
medaka [8] and the swordtail, Xiphophorus helleri 
[9]. Thus, when isolated scales preincubated with 
[°H]—NE are washed in saline and then treated with 
isotonic KCl, a significant reduction in labeling 
occurs in autoradiograms that corresponds to 
[-H]}-NE taken up by melanophore nerves, ac- 
companied by a simultaneous aggregation of 
melanosomes within melanophores. In mam- 
malian tissues, in vivo and in vitro, it has been 
shown that growing sympathetic neurons contain 
adrenergic vesicles [29] and possess the neuro- 
transmitter function [30-32]. In the present 
experiments, both ZIO stained specimens and 
autoradiograms showed that a few nerve fibers 
ran along immature melanophores in the 7th 
day scales. Therefore, it is plausible that the 
developing nerves in the regenerated scales already 
had the ability to release neurotransmitter in 
response to KCl, thereby causing aggregation of 
melanophore pigment, though scarce in degree. 

As is clear from the present autoradiograms, 
melanophore nerves in regenerated scales could 
take up NE and the amount of the amine taken 
up (i.e., intensity of the corresponding labeling in 
autoradiograms) increased with progress in scale 
regeneration. At the same time, the density of 
innervation to each melanophore was observed to 
increase progressively. In parallel with these 
events, the response of melanophores to KCl 
grew larger in degree of melanosome aggregation. 
These findings lead to the conclusion that, in 
relatively early stages of scale regeneration (e.g., 
the 7th to 21st day after surgery), the amount of 
neurotransmitter available to induce pigment 
aggregation must be quite scant. Thus, the lesser 
degrees in the response of melanophores to KCl 
observed in the early stages of scale regeneration 
can be attributable to an insufficiency in the net 
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amount of neurotransmitter stored and released by 
each nerve fiber and also to low density of inner- 
vation to individual melanophores. The same is 
probably be true for the leucophore, another 
chromatophore, since both leucophores and 
melanophores of the medaka are considered to 
receive the same adrenergic innervation [8, 33, 34], 
though leucophores could not be detected in the 
present autoradiograms because their pigment was 
dissolved away during the preparation procedures. 
On the development of both cultured autonomic 
neurons and regenerating autonomic neurons 
following axotomy, it has been shown that for- 
mation of neurites and their connection to target 
cells are induced by nerve growth factor (NGF) 
which may be released from target cells, and that 
growth cones of the neurites have specific ability 
to recognize target cells and to contact the cells 
during synapse formation [cf. 36, 37]. This may 
also be true for the present case and thus, melano- 
phore nerves severed at the detached margin of 
the original scales extended their axons from the 
cut ends onto regenerating scales, searching for the 
loci of target melanophores, and branched out to 
form nerve plexuses over the cells, although 
further precise investigation should be made. 
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Behavior of Microinjected Liquid Paraffin Droplets during 
Motile Response of Swordtail Erythrophores 


TOYOKO AKIYAMA 


Department of Biology, Keio University, Hiyvoshi, Kohoku-ku, 
Yokohama 223, Japan 


ABSTRACT — The motility of artificial particles (liquid paraffin droplets) placed in a pigment- 
migrating track of swordtail macroerythrophores was examined using a microinjection technique 
and an ordinary physiological procedure to elicit pigment-motor response. Méicroinjected liquid 
paraffin droplets less than 2.5 ~m in diameter migrated centripetally upon administration of epineph- 
rine and centrifugally upon that of theophylline, together with endogenous pigment particles. The 
average span of the migration was 7.34 wm for aggregation (n=18), and 10.57 wm for dispersion 
(n=11). These figures were equivalent to 0.30 for aggregation and 0.42 for dispersion in comparison 
with an average migratory distance of neighboring endogenous pigments. A paraffin droplet, 
which was immovable due to its larger size, was subjected to shape-deformation upon pigmentary 
response, changing its form from a regular sphere to a tear-drop with its narrower tip toward the 
migratory direction of neighboring endogenous pigments. These observations suggested that, 
upon pigmentary response, cytoplasmic matrix flows centripetally or centrifugally, and that all 
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pigments, as well as artificial particles, move passively by the cytoplasmic flow. 


INTRODUCTION 


Swordtail erythrophores display rapid aggre- 
gation of pigment particles in response to 
epinephrine and melatonin, and slow dispersion 
in response to melanocyte-stimulating hormone 
(MSH), theophylline and cyclic adenosine mono- 
phosphate [1]. The migratory velocity of pigment 
particles is estimated to be of the order of 1 m/sec 
for the former responses and 0.03-0.1 m/sec for 
the latter ones [2]. A kinetic study of this cell 
motility disclosed that the mode of pigment 
movement is apparently different between the 
aggregation and the dispersion, suggesting en- 
gagement of different procedures in two phases 
of the movement [2]. 

The distinctive feature of this intracellular 
movement is that two different kinds of cyto- 
plasmic pigment particles present in these cells, 
red pterinosomes and yellow carotenoid vesicles, 
migrate simultaneously to the same direction in 
response to the same stimulus. The simultaneous 
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translocation of these two types of pigment 
particles, which are entirely different in regard to 
their morphology and chemical composition, 
would favor the view that this motility, at least in 
these particular pigment cells, is achieved by the 
mechanisms that carry away all movable cyto- 
plasmic materials. 

Scanning electron microscope observations on 
the pigment cells fixed during pigmentary responses 
have disclosed that, upon pigment aggregation, a 
pronounced squeezing of the cell periphery and a 
protrusion of the perikaryon were brought about, 
shaping itself like a hemisphere to which many 
thin dendrites or sleeves were attached, whereas, 
upon pigment dispersion, flattening of the cell 
body and thickening of the cell periphery occurred, 
restoring the ordinary shape with almost even 
thickness [3]. These observations indicated that 
the vast majority of cytoplasmic components 
translocate back and forth between the perikaryon 
and the cell periphery at the pigmentary response. 

The objective of the present study is to examine 
whether a particle of foreign material can migrate 
the dendrite along with endogenous 

particles. For this purpose, liquid 


inside 
pigment 
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paraffin droplets of varying sizes were micro- 
injected into monolayer-cultured swordtail macro- 
erythrophores, and the behavior of such droplets 
inside the dendrite during pigment responses was 
observed under a light microscope. The results 
provided us with critical information as to whether 
pigment particles themselves have a motor for 
their translocation or whether cytoskeletal elements 
generate the motive force in this unique cell 
motility. 


MATERIALS AND METHODS 


Integumental erythrophores were dissociated 
from scales of homogeneously red-colored sword- 
tail fish maintained as an inbred strain in this 
laboratory by the method reported previously and 
then placed in sterile plastic slips (Lux #5409) for 
sparse monolayer culture [1]. A varying amount 
(0.004-0.49 pl) of liquid paraffin (Wako Pure 
Chemical Industry, Tokyo) was microinjected 
into large erythrophores (macroerythrophores) 
[4], having a diameter of more than 70 wm. These 
cells, when stimulated, yielded a pigment aggregate 
having a diameter of 28-33 ym. The volume of 
liquid paraffin microinjected was calculated from 
the diameter of a droplet placed inside the cell. 
The behavior of liquid paraffin droplets at pigment 
response was observed immediately after micro- 
injection under a light microscope (E. Leitz, 
Wetzlar, LABORLUX II): Pigment aggregation 
was elicited by exposing the cells to 5x10°°M 
epinephrine (Sigma Chemical Co., St. Louis) 
dissolved in phosphate-buffered saline (PBS) 


and pigment dispersion by exposure to 10°° M 
theophylline (Tokyo Chemical Ind. Co., Tokyo) 
or 10 °M_ cyclic adenosine monophosphate 
(c-AMP) (Merck Chemical Co., Darmstadt). The 
migratory span of microinjected droplets was 
determined in relation to stable anchoring spots of 
the microinjected cell on printed color micro- 
photographs at a magnification of 306 [cf. Fig. la]. 


RESULTS 


Microinjection of liquid paraffin at varying 
amounts up to 0.49 pl was undertaken on 18 
erythrophores with dispersed pigments and on 
13 of those with aggregated pigments. In the 
former, all the cells (100%) aggregated their 
pigments upon administration of epinephrine 
(5 x10°° M), while in the latter, 11 out of 13 cells 
(84.6%) dispersed their pigments upon adminis- 
tration of theophylline (10°° M). The response of 
liquid paraffin-microinjected cells to the amine or 
phosphodiesterase inhibitor was essentially similar 
in its rapidity and modality to that of the untreated 
cells. This apparently means that microinjected 
liquid paraffin at the dosage employed causes 
little mechanical damage or has little cytotoxicity 
in these cells. 

When erythrophores in a dispersed state were 
microinjected with a droplet of liquid paraffin 
having a diameter of up to 2.5 wm (8.18 ym’), 
mostly into the peripheral region of their dendrite, 
and then exposed to epinephrine, the droplet 
migrated toward the cell center together with 
endogenous pigment granules (Figs. la-d and 


Fic. 1. 


Photomicrographs showing the migration and deformation of liquid paraffin droplets microinjected 
into a swordtail erythrophore during pigment-motor responses. 


a: Liquid paraffin was microinjected into 


the cell with dispersed pigments in the standard culture medium. Two drops injected (arrows) were seen 


inside the cell. 


c: 4 minutes later. 
shape deformation occurred in the large one. 


A smaller droplet (thick arrow) moved toward a larger drop (thin arrow). 
d: 7 minutes later. 
cell center (thick arrow), while a larger one was shaped like a pear (thin arrow). 


Astrisks indicate landmarks for tracing movement of droplets on microphotographs. b: 
2 minutes after administration of 5 x 10-° M epinephrine. 


Pigments started to aggregate in the cell center. 
Note that 
A smaller drop migrated toward the 
e: 10 minutes fater. 


Almost all pigments aggregated in the cell center while a small droplet was stacked in the middle of the 
dendrite. A larger droplet was split into two drops (thin arrows) yielding a tiny droplet at the side facing 


the cell center. 
3 minutes. 


f: The same cell was washed in PBS 3 times and then exposed to 10-* M theophylline for 
A newborn smaller droplet moved clockwise around the large droplet, indicating that the 
direction of the cytoplasmic flow was reversed. g: 8 minutes later. 
way, and one of the droplets was shaped like a long spheroid (thick arrow). 


Pigment dispersion was still under 
h: The locations of two 


smaller droplets were changed, indicating turbulence of flows around the periphery. Bar: 50 ~m 
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Fic. 2. Superimposed tracing of the time-lapse 
photographs as shown in Fig. 1, indicating the 
displacement of a liquid paraffin droplet micro- 
injected into the cytoplasmic sleeve of a swordtail 
macroerythrophore. Detailed descriptions of the 
pigmentary response are given in the legend for 
that figure. The spots (a and £) are corresponding 
respectively to those on Fig. 1(a). 


Shape-deformation 
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2, spots a-d). The migratory distance of these 
droplets was 7.34 wm on average. When these 
aggregated cells were then exposed to theophylline 
(Figs. 1f-h and 2, spots f-h), a liquid paraffin 
droplet migrated toward the cell periphery and the 
average migratory distance was 10.57 wm (Table 
1). These values were far smaller than those 
of endogenous pigment granules (0.30 times for 
aggregation and 0.42 times for dispersion). In 
most cases, microinjected paraffin droplets, even 
if they could move a short distance, were soon 
stacked at a part within the dendrite, while all 
the endogenous pigment granules present near the 
droplet migrated away into the cell center (Figs. 
1d and 2d). Such a droplet stacked in the dendrite 
started to move toward the cell periphery upon 
the onset of pigment dispersion. 

The migratory distance of a liquid paraffin 
droplet was shortened with the increase of its 
size up to about 5 wm and, beyond this size, it 


Oo ro) 
€ h 
Cc 
xe) onset of onset of 
= aggregation dispersion 
} % | de | 
2 c 
z 100 100 
§ 50 
E 5 50 
sy 
oO re) 0 


ol 
O28" = 1:0" 10 


Fic. 3. 
translocation. 


10 20 30 


Time (minutes) 


Deformation of a microinjected liquid paraffin droplets during pigment 
Upper: The arrow at the top of the droplet (a) indicates the 


migratory direction of endogenous pigment particles surrounding the droplet. 
The direction also applies to the other contours of the droplet (b-h). The tiny 
droplet shown in (e)-(h) is that split out from the main droplet. Lower: The 
stages of pigment displacement, at which the deformation of the droplet was 
recorded, are indicated in the photoelectric recording of the cellular response. 
As for the method of photoelectric recording of chromatophore responses, see 
reference [3]. 
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TABLE |. The span of migration of microinjected paraffin droplets in swordtail 
erythrophores during pigment-motor responses 


Type of Exp. 


Diameter of 


Span of migration/#m 


response No. Ct eg Liquid paraffin Endogenous 
droplet pigment* 
l 4.4 2 21.0 
2 4.2 12 6.2 
3 4.3 10.0 17.3 
4 25 aol 9.9 
= 1.9 14.5 16.0 
6 8.0 0.5 9.9 
v/ 1.9 12.0 15.0 
8 5.9 5.0 14.8 
Aggregation 9 2.4 7.4 9.8 
10 TS) 5.0 44.5 
11 8.8 2.0 38.0 
12 2.4 25.0 50.5 
13 8.0 0 23.0 
14 22 24.0 29.0 
15 9.8 0 45.0 
16 7.0 5.0 30.0 
17 6.0 10.0 30.0 
18 6.0 5.0 24.7 
Mean Siz n= 7.34 n=24.14 
1 4.4 1.5 21.0 
2 4.2 25.0 Zitz 
3 4.2 10.4 24.7 
4 2.5 12.0 16.0 
5 5.9 4.9 17.0 
Dispersion 6 8.8 49 29.0 
9 2.4 14.8 44.5 
8 4.4 13.0 20.0 
9 4.8 5.0 15.0 
10 6.0 10.0 29.7 
11 6.0 14.8 30.0 
Mean 4.9 ni =10.57 ni — 24.92 


* Estimated on pigments present near the microinjected paraffin droplet. 


failed to move. Upon pigment aggregation, such 
relatively large liquid paraffin droplets were 
subjected to deformation, in which its regular 
sphere was rendered a teardrop or pear-like 
shape, pointing its narrower tip toward the cell 
center (Figs. Ic, d and 3c, d). Another shape- 


deformation was observed at pigment dispersion, 
alternating its form from a sphere to a long 
spheroid (Figs. |g and 2, spot g). During aggrega- 
tion, liquid paraffin droplets which were too large 
to move were often torn off into two or three 
pieces (Figs. le-g and 3, drops e-g) preceded by a 
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severe shape-deformation. Such a splitting of 
liquid paraffin droplet was scarcely observed 
during pigment dispersion. 


DISCUSSION 


The present study clearly indicates that: 1) liquid 
paraffin droplets do migrate at pigment response, 
though their migratory distance was far shorter 
than that of endogenous pigment particles, 2) the 
migratory direction of the droplets is in parallel 
to that of endogenous pigments, and 3) the 
droplets are deformed upon the onset of pigment 
movement, as if they were being pulled away 
along the migratory direction of endogenous 
pigments, and its original regular sphere was 
restored with completion of pigment response. 
Since a liquid paraffin droplet was an unphysio- 
logical foreign substance, and further, pigment 
response is induced immediately after micro- 
injection in order to prevent it from possible 
surfacial modification such as coverage by 
phosphorylated proteins, it seems reasonable that 
the motive force for its locomotion is provided 
by surrounding cytoplasmic components. It is 
clear that cytoplasmic components move syn- 
chronously in all the dendrites, along the cell 
center-to-periphery axes, upon initiation of pigment 
response and that endogenous pigment particles, 
as well as liquid paraffin droplets, migrate passively 
in association with such a movement or flow of 
cytoplasmic components. Occasional splitting of 
a droplet during migration would indicate that 
the driving force of the cytoplasmic movement 
is strong enough to overcome the surface tension 
of liquid paraffin. 

A question naturally raises as to the nature of 
cytoplasmic components that generate motive force 
for translocation of their own, pigment particles 
and other movable ones, even foreign ingredients. 
Our previous studies by means of immuno- 
fluorescence and electron microscopic immuno- 
cytochemistry have disclosed that swordtail 
erythrophores are installed with an abundance of 
actin filaments, in addition to numerous micro- 
tubules, and that, with the onset of pigment 
aggregation, actin filaments, which resided 
uniformly in the form of a loose meshwork, are 


subjected to marked changes in their distribution, 
forming a compact meshwork around aggregated 
pigments in the cell center [5]. However, at the 
same time, microtubules in these cells were 
subjected to marked reduction in the density, 
suggesting strongly that actin other than micro- 
tubules acts as a functional element in the operation 
of the pigment movement. 

Very recently, it has been indicated that, when 
the antibody against carp skeletal muscle actin 
was microinjected into the cultured erythrophores, 
both pigment aggregation and dispersion were 


blocked almost completely [4]. The same 


_treatment with the use of the absorbed antibody 


caused little blockade. These results unequivo- 
cally indicate that actin is involved as functional 
machinery in two phases of pigment translocation. 
Recent advances in knowledge concerning cell 
motility have indicated that contractility of the 
actin-involving system in certain non-muscle 
cells [6, 7], as in protoplasmic streaming in the 
Chara species [8], was realized through the inter- 
action with myosin as with typical skeletal muscles. 
However, little is thus far known about the 
presence of myosin in swordtail erythrophores. 

As to the organization of cytoskeletal com- 
ponents in fish pigment cells, Porter and his 
associates have reported the occurrence of an 
intracytoplasmic lattice named microtrabecula 
[9]. This lattice was considered to be organized, in 
association with microtubules, into a cytoplast, a 
structural unit for pigment translocation [10]. 
The microtrabecular lattice, although the exact 
molecular composition of which remains to be 
clarified, was reported to be free from actin. In 
squirrelfish erythrophores, pigment translocation 
was thought to take place in parallel to the drift of 
microtrabeculae along microtubules [11], while 
microinjected beads in angelfish melanophores 
failed to move along endogenous melanosomes 
[12]. Our results were apparently different from 
these observations in that: 1) swordtail erythro- 
phores were installed with an abundance of actin 
mostly in the form of meshworks and 2) exogenous 


particles migrated together with endogenous 
pigments. Viewed from the cell shape change of 
swordtail erythrophores during pigmentary 


response as revealed by SEM [3], it was likely that 
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contraction of intracytoplasmic meshworks, which 
were imparted mostly with actin filaments, yielded 
the motive force for centripetal translocation 
(aggregation) of motile intracytoplasmic _in- 
gredients, while reorganization of the meshworks 
caused a centrifugal shift (dispersion) of the 
ingredient. Relatively positive blockade of micro- 
injected DNase I on pigment dispersion of these 
cells would imply that actin was involved in the 
reorganization of the meshworks [4]. 

Studies on chromatophores obtained on species 
other than the swordtail favor the view that 
microtubules and dynein play a key role in 
pigment translocation. With swordtail erythro- 
phores, it was shown that microtubules were 
mecessary for well-ordered, rapid locomotion 
of pigment, inasmuch as the pretreatment of 
these cells with colchicine caused it to be irregular 
and extremely slow [3]. However, the motility of 
pigment particles in swordtail erythrophores 
appears to rely more on the actin-related system 
than on microtubules. Even though morpho- 
logical visualization of the meshworks present in 
swordtail erythrophores, probably by high-voltage 
electron microscope, is an urgent task, the findings 
than artificial particles such as liquid paraffin 
droplets translocate inside the cells and change 
their shape at pigment response would lend good 
support to the above-mentioned model on pigment 
translocation. 
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Epidermal Cells of the Anuran Tadpole Tail: Its Isolation 
and Characterization in Vitro 


AKIO NISHIKAWA and KATSUTOSHI YOSHIZATO! 


Department of Biochemistry, and ‘Developmental Biology Laboratory, 
Department of Plastic Surgery, Kitasato University School of 
Medicine, Sagamihara, Kanagawa 228, Japan 


ABSTRACT — A method to isolate and maintain epidermal cells from the anuran tadpole has been 
developed in order to study hormonal effects on the growth and maintenance of the cells in vitro. 
Epidermal cells were released from bullfrog tadpole tails by treating with 2.5 mM EDTA and then 
with 0.25% trypsin and separated on a density gradient medium of Percoll. More than 98% of the 
cells thus prepared were epidermal cells. Viability of the isolated cells was around 90%. Attachment 
of the cells to plastic dishes was optimized by selecting RPMI-1640 as the culture medium and by 
coating dishes with fibronectin. Proliferation and maintenance of the cells were dependent upon the 
hormonal environment. The cells proliferated 2- to 3-fold within a few days and thereafter they 
began to leave dishes in a medium with normal serum. Cell attachment and proliferation were 
suppressed in a medium containing the serum deprived of thyroid and steroid hormones. Longevity 
of the cell, however, increased in this medium. Supplementation of the hormone-deprived medium 
with triiodothyronine and steroid hormones (Sa-dihydrotestosterone, $-estradiol and hydrocortisone) 
changed the character of cells comparable to that found in a medium with normal serum. These 
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hormonal dependencies of tadpole tail cells seem to reflect their character of in vivo status. 


INTRODUCTION 


Only a few reports have been available con- 
cerning the isolation and the primary culture of 
anuran tadpole tail cells[1, 2]. Tail regression of 
an anuran tadpole is triggered by thyroid hormone 
and is a most conspicuous phenomenon in the 
metamorphosis of a tadpole into a frog. Mech- 
anism of this phenomenon has not yet been 
understood at the cellular and the molecular level. 
It is important to understand the mechanism of 
action of thyroid hormone at the cellular level, in 
order to answer such questions as “Does thyroid 
hormone inhibit the growth of tadpole tail cells?” 
or “Does thyroid hormone stimulate the synthesis 
of hydrolytic enzymes like hyaluronidase [3, 4] or 
collagenase [5, 6]?”. A method to isolate and 
maintain tadpole cells is needed for the experi- 
mental approaches to such unsolved problems. 
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The aim of this study was to establish a method 
to isolate tail cells and to know their basic chara- 
cteristics in The tadpole tail contains 
epidermal cells, mesenchymal cells, muscle cells, 
pigment cells, nerve cells, and blood cells. Among 
these cells we have chosen epidermal cells for the 
culture with the following two reasons. Epidermal 
cells have been reported as cells producing the 
specific enzyme, collagenase, hydrolyzing collagen 
which is a major protein in quantity in the tail and 
whose metabolism is thought to be important 
for resorption of the tail [3, 5]. Another reason 
was that the epidermis plays an key role in the 
thyroid hormone-induced breakdown of the tail 
mesenchymal tissues [7, 8]. 

In the present paper we describe a method to 
isolate and maintain viable epidermal cells from the 
tadpole tail. Their attachment to plastic dishes, 
morphology and growth chracteristics are presented 
focusing on the hormonal effects on these criteria. 


vitro. 
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MATERIALS AND METHODS 


Animals 


Tadpoles of the bullfrog, Rana catesbeiana, at 
stage of X [9] were obtained from a local animal 
supplier at Hamamatsu City and used throughout 
the present study. 


Chemicals and culture materials 


EDTA (Ethylenediaminetetraacetate) and 
HEPES (N -2-Hydroxyethylpiperazine- N ’-2- 
ethanesulfonic acid) were obtained from Dojin 
Chemical Institute, Inc. (Kumamoto). Following 
chemicals were purchased from Sigma Chemical 
Co. (St. Louis, MO): trypsin, hydrocortisone-21- 
acetate, Sa-dihydrotestosterone, {-estradiol, and 
3, 3’, 5-triiodo-L-thyronine (T;). Culture media 
were purchased from GIBCO (Grand Island, 
N. Y.), and diluted to 70% of its original strength. 
Percoll and density marker beads were from Phar- 
macia Fine Chemicals (Uppsala, Sweden). Fibro- 
nectin from human plasma was a product of 
Collaborative Research Inc. (Waltham, MA). 
Culture dishes (35mm) were obtained from 
Nunclon Delta, Intermed (Denmark). Fetal calf 
serum (FCS) was from Commonwealth Serum 
Laboratory (Melbourne). All other chemicals 
were of analytical grade. 


Isolation of epidermal cells 


Tails were removed from 24 tadpoles and dipped 
in 70% ethanol for 10sec, immediately followed 
by washing twice with Ca**, Mg**-free saline 
(CMFS; 71.9mM NaCl, 3.82mM KCl, 3.9mM 
Na,HPO., 1.1mM_ glucose, 10mM HEPES, 
pH 7.4). Tails were transferred into a flask and 
shaken on a reciprocating shaker (Taiyo Scientific 
Industrial Co., Ltd., Tokyo) at 140 oscillations per 
minute in CMFS containing 2.55mM EDTA at 
23°C for 4min. Cells removed by this treatment 
were called EI cells. The tails were washed twice 
with CMFS. The wash was mixed with EI cells. 
The tails were further treated with EDTA-CMFS 
and washed twice with a saline (CMFS + 0.29mM 
Ca(NO;).4H,O +0.28mM  MgSO,:7H,O, pH 
7.4). Cells removed by this procedure were named 
EII cells. Tails were then digested with 0.25% 


trypsin in CMFS at 4°C for 8 hr with a continuous 
gentle shaking (70 oscillations per minute). Cells 
recovered at this step were called TI cells. Second 
treatment with trypsin was performed for 12 hr 
in the same manner as the first digestion (TII cells). 
When epidermal cells were found to remain on the 
tail by observing the tail treated with EDTA and 
trypsin through a dissecting microscope (Olympus, 
SZ-2), they were collected by forceps and mixed 
with TII cells. Cells of EI, EII, TI, and TII were 
collected by centrifugation at 4°C (315 xg, 10 min) 
and washed twice with a RPMI-1640 medium 
containing 20 mM HEPES and 10 mM NaHCoO,. 
Some red blood cells and pigment cells usually 
contaminated TI and TII cells and therefore they 
were removed by centrifugation through a density 
gradient medium. The solution of 35 ml of 50% 
Percoll in CMFS was centrifuged at 22,560 x g for 
60 min to make continuous gradient. Cells of TI 
and TII were passed through a double layered 
mesh of nylon (125 mesh) and suspended in 1.5 ml 
of CMFS. They were layered on the top of the 
preformed density gradient of Percoll and cen- 
trifuged at 1,260 xg for 30min. Epidermal cells 
banded at densities from 1.038 to 1.080 g/cm’. 
The cells recovered from the gradient were washed 
twice with a RPMI-1640 medium and used for the 
culture. Cell number was determined with a 
hemocytometer. Cell size was measured by 
placing a micrometer in an eyepiece. Viable cells 
were identified by a trypan blue dye exclusion test. 


Cell culture 


Plastic dishes for tissue culture were precoated 
with human plasma fibronectin. The precoating 
was carried out by placing one milliliter of 22 ug/ml 
fibronectin in a RPMI-1640 medium in a dish 
(9.6cm’? growth area) for 45 min at room tem- 
perature. Dishes were then washed once with a 
culture medium before use. Heat inactivation of 
FCS was carried out at 56°C for 30min. Epi- 
dermal cells (2.5 x 10° to 2 x 10° cells per dish) were 
seeded with 2 ml of the culture medium (RPMI- 
1640 medium-HEPES (20 mM)-NaHCO; (10 mM) 
supplemented with 7% FCS, 100 IU/ml of peni- 
cillin and 100 pg/ml of streptomycin, pH 7.4). 
Culture was performed in an incubator with a 
humidified atmosphere of 2.5% CO, and 97.5 % air 
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Fic. 1. SDS-PAGE patterns of FCS and CTS. Elec- 
trophoresis was performed as described previously 
[12]. Sixteen and 13 wg of serum proteins were 
analyzed for FCS and CTS, respectively. Right: 
Charcoal treated fetal calf serum (CTS). Middle: 
Fetal calf serum (FCS). Left: Molecular weight 
marker proteins (M). RNA polymerase §’ (165 
K), RNA polymerase § (155K), bovine serum 
albumin (68 K), and RNA polymerase a (39 K). 
DF: Dye front. 


at 23°C. The culture medium was changed every 
third day. Charcoal treated FCS (CTS) was 
prepared as described previously [10]. Protein 
contents of FCS and CTS measured by the 
method of Lowry et al. [11] were 48.1 mg/ml 
and 39.8 mg/ml, respectively. To confirm that 
charcoal treatment had not eliminated any protein 


constituent from the serum, sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed with these two sera (FCS and CTS) 
as described previously [12]. There was not any 
difference in the SDS-PAGE patterns of both sera 
(Fig. 1). 


RESULTS 


Isolation of epidermal cells 


Epidermal cells were effectively isolated from the 
skin of the tadpole tail by treatments with EDTA 
and trypsin. Mesenchymal cells was less than 1% 
and red blood cells and pigment cells could be 
completely removed with density gradient (Percoll) 
centrifugation. Isolation was performed through 
sequential four steps (EI, EII, TI, and TII, see 
MATERIALS AND METHODS section for 
designation). Half of the tail epidermal cells was 
recovered in the EI, 32% in the TII, 11% in the 
EII and 8% in the TI (Fig. 2). Number of viable 
cells in each step is also demonstrated in Figure 2. 
Seventy six percent of EI cells and 47% of EIlI 
cells were stained with trypan blue. More than 
80% were viable in TI and TII cells. TI and TII 
cells were mixed and “‘pure”’ epidermal cells were 
obtained through a Percoll density gradient 
medium (density: 1.038—1.080 g/cm’) by removing 


Cells (x10) 


Fic. 2. Recovery of epidermal cells at each step of 
isolation. Experiments of cell isolation from 24 
tadpole tails were performed nine times and one 
representative example was shown in this figure. 
Open columns represent viable cells and hatched 
columns nonviable cells. Refer to Table 1 for the 
designation of EI, Ell, TI, TI, and P. 
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erythrocytes, pigment cells and cell debris which 
contaminated TI and TII cells. Size of the cells 
recovered at each isolation step is summarized in 
Table 1 together with the viability of them. 
Nonviable cells were larger in size than viable ones 
(20 um versus 14 ym). Thus epidermal cells 
without contamination by other types of cells 
could be used for culture. The mean size was 
14.3 wm and viability was around 90%. 


TABLE 1. Viability and size of epidermal cells 
separated by EDTA and trypsin treatment 


Steps of Cell Size (4m)*** 

Cell  Viability** —————___________—_. 
Isolation* (%) Viable Cells Nonviable Cells 
EI 24.1 15.0+0.3 21.5+0.5 
Eli 53.4 15.0+0.3 AN Sae0)55 
TI 81.2 15.3+0.3 19.0+0.5 
TII 90.4 14.5+0.3 IY).3) se0),3) 
1p 88.1 14.3-+0.3 19.8+0.5 


* Cells of EI and EII were isolated from tails 
by the first and second treatment with 
EDTA, respectively. Cells of TI and TI 
were isolated from the EDTA-treated tails by 
the first and second digestion with trypsin, 
respectively. “‘P’’ represents the cells re- 
covered from a Percoll density gradient 
medium (TI and TII cells were mixed and 
centrifuged on the density gradient medium 
as described in the text). 

** Cells which were not stained with 0.15% 
trypan blue were counted as viable cells and 
expressed as the percentage of the total cell 
number in each step. 

*** The diameters of 50 cells of viable and 
nonviable cells were measured and expressed 
as the average+SE. 


Culture of the isolated epidermal cells 


(1) Cell attachment 

Varied numbers of the cells were plated onto the 
35mm culture dishes precoated with fibronectin 
and were cultured in a RPMI-1640 medium 
containing 7% FCS. Number of cells attached 
to the dish was determined at the second day after 
inoculation and changes in the cell number were 
measured thereafter up to the 9th day (Fig. 3). 
R (ratio of the number of attached cells to that of 
inoculated cells) were 20-30°, when more than 
5 x 10° cells were plated per dish and R was around 


A. NISHIKAWA AND K. YOSHIZATO 


10% when 2.5x10° cells were plated. Cells 
proliferated 2- to 3-fold within 4 days and thereafter 
the cell number decreased. Mitotic figures were 
often observed from day 1 through day 6 after the 
cell attachment, especially at day 3. Effect of 
serum concentration on R was examined at con- 
centrations of 7, 14, and 21%, but changes in the 
concentration did not affect R values significantly. 
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Fic. 3. Growth curves of epidermal cells. Cells of 
TI and TII were mixed and cultured in the RPMI-— 
1640 medium containing FCS. Dishes were 
precoated with fibronectin. Following number of 
the cells was inoculated. A: 2x10°,  B: 10°, 
C: 5x10°,. D: 2.5x10°. Changes iimnmeeell 
numbers are expressed as percentage of the inocu- 
lated cell number. Time0O indicates 2nd day 
after inoculation. At the designated days, cells 
were harvested by digesting with 0.25% trypsin 
solution containing 1 mM EDTA and counted 
with a hemocytometer. Each point represents the 
average of the two determinations and the bar 
shows the range of the two. 
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(2) Culture media 

In order to find out a suitable culture medium, 
epidermal cells (10° cells) were cultured in the 
following media: Dulbecco’s modified Eagle’s 
medium (DE), RPMI-1640 medium, MCDB 104, 
medium 199 with Hanks’ salts (M199), Eagle’s 
minimum essential medium with Hanks’ salts 
(MEM), and Leibovitz’s L-15 medium (L-15). 
All media contained 7% of FCS, 20mM 
HEPES, and 10mM NaHCO;. RPMI-1640, 
DE, and MCDB 104 media gave identical R 
values (25—30°), whereas R values for MEM and 
L-15 were quite low (7-8 %) (Fig. 4). In addition 
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Fic. 4. Adhesion of tail epidermal cells in various 
culture media. Cells were plated onto fibronectin- 
coated dishes (10° cells/dish) and cultured in the 
media containing 7% FCS. Cells attached to 
dishes were counted at the 2nd day of culture. 
Ratio of the number of attached cells to that of the 
inoculated cells was determined. Each column 
represents the average of the two determinations 
and the bar means the range of the two. DE: 
Dulbecco’s modified Eagle medium. M199: 
Medium 199. MEM: Eagle’s minimum essential 
medium. L-15: Leibovitz’s L-15 medium. 


cells did not proliferate in DE and MCDB 104 
within the culture period of 5 days. Therefore 
RPMI-1640 medium was found to be the best 
for tadpole epidermal cells, giving a high R value 
and allowing the cells to proliferate. 
(3) Effect of fibronectin on cell attachment 
Attachment of tadpole epidermal cells onto 
dishes precoated with fibronectin was compared 
with that onto plain dishes (Figs. SA and 5B). 
Apparently the presence of fibronectin enhanced 
the cell attachment (R=25.3% in the coated dish 
(Fig. 6A), R=18.6% in the plain dish (Fig. 6B)). 


Hormonal effects on the culture of tadpole epidermal 
cells 


(1) Cell attachment in the CTS-containing medium 

As well known tadpole tails regress under the 
influence of thyroid hormone during metamor- 
phosis. This fact leads us to assume that tadpole 
tail cells are highly sensitive to changes in the 
hormonal environment of culture. Therefore 
response of epidermal cells to hormones was 
investigated by the following experiments. FCS 
was treated with charcoal to remove thyroid 
hormone [10]. Epidermal cells attached to dishes 
on the CTS-containing medium were shown in 
Figures 5C (on the fibronectin-coated dish) and 5D 
(on the plain dish). Fibronectin dependence of 
cell attachment was more marked in the CTS- 
medium than in the FCS-medium. R value on 
the plain dish was 3% (Fig. 6D), whereas R on 
the fibronectin-coated dish was 21% (Fig. 6C). 
The decreased level of cell attachment in the 
CTS-medium was restored to the level found 
in the FCS-medium, when the CTS-medium was 
supplemented with Sa-dihydrotestosterone,  - 
estradiol and hydrocortisone (Fig. 7(A)c). Addi- 
tion of thyroid hormone to the CTS-steroid- 
medium did not improve further cell attachment 
(Fig. 7(A)d). When the CTS-medium_ was 
supplemented with thyroid hormone alone, cell 
attachment did not increase. The same effect of 
the hormones was observed when the plain dish 
was used instead of the fibronectin-coated dish 


(Fig. 7(B)). 
(2) Primary culture of epidermal cells in the 
CTS-medium 


Cell growth in the CTS-RPMI-1640 medium was 
compared with that in the FCS-RPMI-—1640 
medium (Fig. 8). In the FCS-medium cell number 
doubled within 3 days after cell attachment and 
decreased at day 9 to less than 23 % of the original 
number of attached cells. On the other hand the 
number of cells remained unchanged (around 20% 
of the inoculated number) during the culture 
period in the CTS-medium. However, when the 
culture in a CTS-medium was prolonged over 2 
weeks, the cell number gradually decreased and 
about 50% of the attached cells were lost at day 21. 

Mitotic figures were often seen only from day 1 
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Fic. 5. Phase contrast photographs of tail epidermal cells at the 2nd day after inoculation. The bar in A 
indicates 500 ym. One million cells were plated to each dish. A: Fibronectin-coated dish with the 
FCS-RPMI-1640 medium. B: Plain dish with the FCS-RPMI-1640 medium. C: Fibronectin- 
coated dish with the CTS-RPMI-1640 medium. D: Plain dish with the CTS-RPMI-1640 medium. 
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Fic. 6. Effects of fibronectin and CTS on adhesion of 
tail epidermal cells to dishes. One million cells 
were plated per dish. Symbols of A, B, C, and D 
are the same as those in Fig. 5. Methods of cell 
count and the expression of the results are the same 
as those in Fig. 4. 


through day 4 after cell attachment in the FCS- 
medium, whereas in the CTS-medium mitotic cells 
were often observed throughout the culture period 
(Fig. 9). However the total cell number per dish 
did not increase in the CTS-medium. It was 
noticed that cells of large size sloughed off in the 
CTS-medium more frequently than in the FCS- 
medium. 

Mitotic figures were seen only in the cells of 
small size. Size of cells changed during the 
culture period. In the first 3 days cell size was 20 
to 40 wm in diameter in both media. The cells of 
large size (about 100 wm), which seemed to have 
lost the mitotic activity and differentiated, in- 
creased at day 6 in the FCS-medium (Fig. 9C), 
whereas many cells of smail size capable of mitosis 
remained in the CTS-medium (Fig. 9D). 


DISCUSSION 


In the present study epidermal cells were 
successfully isolated from the tadpole tail skin with 
98°%% in purity with aids of EDTA, trypsin, and 
Percoll and cultured for 11 days. To our 
knowledge there has been no report on the culture 
of dissociated tadpole epidermal cells. The results 
of this paper have shown that the culture of 
tadpole tail epidermal cells is useful for the in- 
vestigation of the mechanism of action of thyroid 
hormone at the cellular level in the hormone- 
induced tissue degradation. 

In general in vitro culture and proliferation of 
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Fic. 7. Elimination of recessive effect of CTS on the 


cell attachment by supplementing steroid hor- 
mones. One million cells were plated per dish. 
Methods of cell count and the expression of the 
results are described in Fig. 4. (A): Tail epider- 
mal cells were plated onto fibronectin-coated 
dishes and cultured on (a) the FCS—-PRMI-—1640 
medium, (b) the CTS-RPMI-1640 medium, (c) 
the CTS-RPMI-1640 medium supplemented with 
steroid hormones (200 ng/ml hydrocortisone-21- 
acetate, 20ng/ml Sa-dihydrotestosterone, 8.3ng/ml 
§-estradiol), and (d) the CTS-RPMI-—1640 medium 
supplemented with steroid hormones (same as Cc) 
and thyroid hormone (10°*M T;). (B): Tail 
epidermal cells were cultured on plain dishes in (a) 
the FCS-RPMI-1640 medium, (b) the CTS— 
RPMI-1640 medium and (c) the CTS-RPMI-1640 
medium supplemented with hormones (same as d 
of (A)). 


epidermal cells are not easy and there has been no 
established method generally applicable to this 
kind of cells. However several investigators have 
tried to improve the culture method. Hennings 
et al. [13] and Peehl and Ham [14] showed that low 
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were plated onto fibronectin coated dishes (10° cells/dish) and cultured in the FCS— 


RPMI-1640 medium (O——O) or the CTS-RPMI-1640 medium (@——@). 


The 


method of cell count is the same as those in Fig. 3. The ordinate indicates the number 
of cells per dish. Each point represents the average of the two determinations and 


the bar means the range of the two. 


concentration of Ca** accelerated the proliferation 
of epidermal cells and inhibited the cell differenti- 
ation. In this regard our result, which showed that 
tadpole epidermal cells proliferated only in RPMI-— 
1640 medium, supports their findings. The 
concentration of Ca** in RPMI-1640, DE, M 199, 
MEM, L-15, and MCDB 104 were 0.4mM, 1.8 
mM, 1.8mM, 1.3mM, 1.3mM, and 1.0mM, 
respectively. Apparently a low Ca** medium 
seemed to be suitable for the culture of tadpole 
tail epidermal cells. 

Fibronectin is known to enhance adhesiveness 
of cells to culture dishes [15-18]. Present study 
also clearly demonstrated that fibronectin markedly 
enhanced the attachment of tadpole tail epidermal 
cells to plastic dishes. According to Murray [19], 
however, fibronectin had not any effect on the 
attachment of epidermal cells isolated from adult 
guinea pig skin. It is generally accepted that 
laminin is the attachment protein in epidermal 
cells [20]. In this sense, tadpole tail epidermal 
cells seem to be unique although H66k et al. [21] 


reported that fibronectin enhanced attachment of 
rat liver parenchymal cells. The addition of 
steroid hormones to the CTS-medium markedly 
increased the cell attachment, suggesting that 
hormones regulate the synthesis of attachment 
factors including fibronectin in the epidermal cells. 
Furcht et al. [22] reported an interesting obser- 
vation that glucocorticoid increased the accumula- 
tion of fibronectin by transformed human 
fibroblasts. According to Smith et al. [23] and 
Alitalo et al. [24] epithelial cells are capable of 
producing fibronectin. 

The reason we used CTS was as follows. As 
generally accepted, tadpole cells are highly sensitive 
to thyroid hormone and FCS contains this hormone 
at a physiological concentration [25]. Therefore, 
to remove endogenous thyroid hormone, FCS was 
treated with charcoal. SDS-PAGE patterns of 
FCS and CTS demonstrated that there was no 
qualitative difference in the protein constituents 
of the two sera (Fig. 1), although charcoal ab- 
sorbed some proteins nonspecifically. Steroid 
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Fic. 9. Morphological characteristics of tail epidermal cells cultured in the FCS-RPMI-—1640 medium and 
the CIS-RPMI-1640 medium. Cells were photographed through a phase contrast microscope. 
A: In the FCS-RPMI-1640 medium at 3rd day after cell attachment. B: In the CTS-RPMI-1640 
medium at 3rd day. C: In the FCS-RPMI-1640 medium at 6th day. D: In the CTS-RPMI-1640 
medium at 6th day. Arrows indicate dividing cells. The bar represents 50 um. 
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hormones are known to be removed by this treat- 
ment. We found that the cells of small size which 
hold the mitotic activity remained attached to the 
culture dishes for a relatively longer period in the 
CTS-containing medium. Accordingly longevity 
of epidermal cells of small size in the CTS-medium 
might be caused by absence of thyroid hormone and 
(or) steroid hormone. Our preliminary ob- 
servation showed that the addition of steroid 
hormone alone did not decrease the longevity of 
the cell (data not shown). Therefore, thyroid 
hormone is probably responsible for the decreased 
life span of the cell in an FCS-medium as expected 
from the physiological roles of this hormone in the 
tail resorption during metamorphosis. Detailed 
studies on growth and death of the cells under va- 
rious hormonal environments are now in progress. 

The number of epidermal cells remained 
unchanged during the culture period in the CTS- 
medium (Fig. 8), although mitotic figures were 
often observed throughout this period (Fig. 9). 
The extent of cell attachment in the CTS-medium 
was less than that in the FCS-medium and highly 
dependent upon the presence of fibronectin (Fig. 6). 
Therefore it is probable that the cells will detach 
themselves from the dish as a culture period in- 
creases, partly because of their weak attachment 
and partly because of solubilization or degradation 
of fibronectin coated to a dish. Loss of cells due 
to this detachment might be compensated with the 
increase of cells due to the mitosis. 

Watt et al. [26, 27] recognized the correlation 
between the cell size and the cell differentiation of 
epidermal cells. This fact leads to the plausible 
conclusion that differentiation of the tadpole tail 
epidermal cells is suppressed in the CTS-medium, 
owing to deficiency of thyroid hormone and/or 
steroid hormones. According to Sugimoto et al. 
[28, 29] and Kojima et al. [30], keratinization of 
chick embryonic epidermal cells is induced by 
addition of hydrocortisone to the culture medium. 
During metamorphosis epidermal layers of the 
tadpole tail skin thicken and the plasma concen- 
tration of corticosterone increases in tadpoles [31]. 
Accordingly steroid hormones, especially gluco- 
corticoid, might play an important role in the 
differentiation of tadpole tail epidermal cells. 
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Binucleate Cells in the Neural Gland of the Ascidian, 
Halocynthia roretzi (Drasche) 


MIZUHO OGAwWaA!, CHITOSE ORIKASA? and KryosH! TERAKADO2 


‘Department of Biology, Faculty of Liberal Arts and Science, and 
*Department of Regulation Biology, Faculty of Science, 
Saitama University, Urawa, Saitama 338, Japan 


ABSTRACT — The neural gland of the simple Ascidian, Halocynthia roretzi (Drasche) was examined 


by light- and electronmicroscopy. 


It was found that most of the cells of the neural gland are 


binucleated. No seasonal changes were observed as far as examined. The significance of binucleate 


cells in the neural gland remains to be elucidated. 


INTRODUCTION 


The neural gland of the ascidian is an epithelial 
structure, situated either below, beside, or above 
the cerebral ganglion. The gland cavity com- 
municates with the neural gland duct which 
opens anteriorly as the ciliated funnel in the roof 
of the buccal cavity. The posterior part of the 
gland is elongated as the dorsal cord which may 
terminate in the anterior end of the ovary. 

The function or functions of the neural gland 
remain uncertain. A number of investigators have 
examined possible endocrine activities of the 
neural complex (cerebral ganglion and neural 
gland), reasoning that there is a definite structural 
similarity between the vertebrate hypothalamus- 
pituitary-Rathke’s pouch pattern and the tunicate 
cerebral ganglion-neural gland-neural gland duct 
pattern [1]. These findings are inconclusive; the 
literature on the possible reproductive function of 
the neural gland is also contradictory [2-6]. How- 
ever, there is clear evidence of cyclical activity 
resulting in the sloughing of cells into the interior 
lumen of the gland although differences of opinion 
still exist on the significance of these changes. 

We have found the binucleate cells in the neural 
gland unexpectedly during the course of cytological 
observation on the neural complex. The present 
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research investigates the presence and significance 
of binucleate cells in the neural gland of 
Halocynthia roretzi. 


MATERIALS AND METHODS 


The simple Ascidian, MHalocynthia  roretzi 
(Drasche) which breeds in winter was used. Adult 
animals cultured in the Sanriku Coast, Iwate-ken 
(weights from 150 g to 200 g) were purchased from 
the market and kept in aquaria for at least 2 days 
before use. The neural glands were fixed in 
Bouin’s solution or Zenker’s solution, then 
dehydrated, embedded in paraffin and sectioned 
at 6 wm using routine procedures. To determine 
the binucleate cell population, photographs of the 
preparations were made and the number of 
binucleate cells counted. 

For the exact confirmation of the binucleation, 
cell suspensions of the neural gland were prepared 
from freshly dissected tissues, transferred to a 
modified Ca-free Hank’s solution adjusted to 
pH 6.5 with PIPES containing 0.2% trypsin 
(Difco). The digestion was carried out at 37°C 
for about | hr after which time the tissues become 
very loose and the cells easily released into the 
solution by passing the tissues slowly through a 
wide-bore pipette. The undigested residue was 
sedimented at very low speed and discarded; the 
cells in the supernatant were collected by centri- 
fugation at about 500-1,000 xg for 10 min. The 
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cells were then resuspended in fresh solution 
without trypsin. The cell suspension was mount- 
ed on slides and air-dried. After fixation with 
Bouin’s fluid for 1 hr, the slides were stained with 
hematoxylin and eosin. 

For electron microscopy, small pieces of the 
neural gland were excised and immediately fixed 
with 2% OsO, in 0.15 M collidine buffer (pH 7.3) 
at 4°C for 2hr. They were dehydrated in graded 
concentrations of ethanol and embedded in 
epoxy resin. Thin sections were cut with glass 
knives, doubly stained with aqueous uranyl acetate 
and lead citrate, and examined with a Hitachi 
H 700H electron microscope operated at 100 kV. 


RESULTS 


The neural gland of Halocynthia roretzi appears 
to be composed of acini and branching lobules 
which lead into a neural gland duct opening into 
the pharyngeal cavity via a ciliated funnel. 

The glandular cells of the lobules are polyhedral 
in shape and stain relatively light with eosin. In 
Our specimens we were not able to detect any 
cyclic morphological changes in the glandular cells. 
Numerous binucleate cells are present (Fig. 1) 
but no seasonal change occurs in their numbers as 
far as examined (Table 1). No mitotic figure in 
the neural gland is observed at any season. The 
dorsal wall of the neural gland is composed of 
rather compact cells where binucleate cells are 


TABLE 1. Seasonal difference on the binucleate 
cell population (counted from the photo- 
graphs of sections at 6 um) of the neural 
gland in Halocynthia roretzi 


No. No.  Binucleate cell 
of of population (%) 
animal area mean (range) 


March-April 3 9 
May-June 3 9 
November-December 3 9 


73.1 (63.1-81.5) 
69.3 (64.9-70.6) 
70.3 (68.5-72.9) 


Fic. 1. 


side-by-side in the center. 700. 


Fic. 2. Light micrograph of isolated cells of the neural gland. Binucleation of the cells is evident. 


Electron micrograph of a cell of the neural gland. Two large nuclei are located in the center. 
ous Oval vesicles and several mitochondria are seen in the cytoplasm. 


Fic. 3. 


also encountered. The presence of binucleate cells 
was also ascertained in the cell suspensions (Fig. 2). 
When examined by electron microscopy, the 
neural gland cells are generally oval and measure 
about 8-10 wm in diameter. Most of the cells 
appear to be binucleate and very loosely connected 
to one another (Fig. 3). Numerous small vesicles 
and many mitochondria are contained in the 
cytoplasm as the main component in all cells. A 
pair of centrioles is sometimes found in the 
perinuclear region. However, there are some 
differences in the extent of differentiation of cell 
organelles and external cell morphology. Undif- 
ferentiated, but binucleated, cells mainly contain 
small vesicles and some mitochondria and are rich 
in ribosomes; their cell surface is generally smooth. 
Differentiated cells, in contrast, contain also many 
enlarged vesicles, often with irregular interior 
contents, endoplasmic reticulum and a Golgi 
apparatus (Fig. 3); mitochondria increase in 
number and the cell surface becomes gradually 
undulated irregularly and often extruded. 


DISCUSSION 


Many attempts have been made to determine the 
function of the neural gland of ascidians. 
Suggested functions include an excretory renal-like 
function, a mucus secreting and digestive role and 
a homologue to the vertebrate pituitary. How- 
ever, the real function of this gland remains 
uncertain. Besides, no observation has _ been 
reported that the neural gland cells of ascidians are 
binucleated. 

Swan and Olsson [7] confirmed the extreme 
phagocytic activity in the neural gland of Ciona 
intestinalis by electron microscopy. Hisaw ef al. 
[3] concluded by surgical removal, that the neural 
gland-ganglionic complex of Chelysoma productum 
does not have a gonadotropic function. From 
examinations of the fine structural features and 
enzyme cytochemistry of the neural gland of the 


Light micrograph of a section of the neural gland. Each gland cell has two oval nuclei which lie 


x 700. 


Numer- 
x 14,000. 
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solitary forms, Ciona intestinalis and Styela 
barnharti, Lane [8] suggested that the hydrolases 
in its vacuoles are likely to be digested substances 
for excretion and that there appears to be no close 
cytological similarity between the cells of this 
gland and those of the vertebrate pituitary. 

The postulated homology of the neural gland 
with the vertebrate pituitary has been the subject 
of several investigations (cf., ref. [9]). Goossens 
[10], by immunocytochemical methods using 
antisera to neurophysins and neurohypophysial 
hormone, demonstrated that the neural complex 
of Ciona intestinalis and Ascidiella spersa does not 
contain neurohypophysial nonapeptides. More 
recently, Pestarino [9] has found prolactin-like 
activity in the neural gland of Styela plicata, using 
immunocytochemical techniques. It is evident, 
however, that further biochemical and immuno- 
cytochemical examinations will be required to 
establish the function of the neural gland. 

Polyploidy of hepatic cell nuclei is recognized in 
several mammalian species (rat, mouse and 
hamster) and this hepatic polyploidy increases 
during aging [11-15]. Binucleate hepatocytes are 
also often encountered and increase during aging 
in the medaka [16]. 

Although there is much evidence for poly- 
ploidization and/or binucleation in liver cells, 
attempts to understand the significance of this 
phenomenon are few. Several mechanisms of 
polyploidy and/or binucleation may be responsible. 
The two most plausible mechanisms of binucleation 
are nuclear division without cytokinesis or by cell 
fusion [14]. 

In our study, no binucleate cells were observed in 
other tissues of Halocynthia. Little mitotic 
activity in the neural gland occurred at any 
season. Moreover, no seasonal changes were 
noticed in the binucleate cell population as far as 
examined. 

How the binucleate cells could arise in the neural 
gland of Halocynthia remains uncertain as does the 
significance of binucleate cells in the neural gland 
and indeed the function of the neural gland itself. 
On the basis of fine structure alone, no conclusion 
may be drawn as to the specific function of the 
neural gland. However, a common function 
between the neural gland and the liver of vertebrate 


is suggested by the fact that both have binucleate 
cells. It may be relevant the animals used in the 
present study were cultured. 
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Calmodulin Level Changes Associated with Cyclic AMP 
Treatment in Cultured Squirrel Monkey Oocytes and Sperm 
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ABSTRACT — Follicular oocytes were recovered by laparoscopy. A portion of the oocytes was 
cultured in the presence of dibutyryl cyclic adenosine 3’: 5’-monophosphate (dbcAMP). The 
remaining portion served as controls. The results show that aspirated oocytes had an average of 
53.6 ng calmodulin per oocyte, which decreased to 21.2 ng when incubated in dbcAMP for 18 hr. 
Squirrel monkey sperm collected by electroejaculation showed a decrease from 1.0 to 0.7 pg calmodulin 
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per sperm when incubated in dbcAMP for 30 min. 
creases the percentage of fertilized oocytes in vitro. 


We have previously reported that dbcAMP in- 
The present data suggest that the mechanism 


of action of dbcAMP on oocytes and sperm involves calmodulin. 


INTRODUCTION 


A positive effect of dibutyryl cyclic adenosine 
3’: 5’-monophosphate (dbcAMP) has been shown 
on the in vitro fertilization of squirrel monkey 
oocytes [1]. However, there have been no reports 
on the mechanism of action of dbcAMP on the 
primate fertilization process and whether or not 
calmodulin is involved in the enhanced fertilization 
rate observed after dbcAMP treatment. 

Calmodulin is a _ heat-stable acidic protein 
(148 amino acids) with a high affinity for calcium 
ions and is present in many cell types [2]. How- 
ever, it has not been proven to be present in 
nonhuman primate oocytes and sperm. The 
binding of calcium ions to calmodulin results in 
an activated complex which in turn, activates either 
calmodulin-binding proteins or enzymes leading 
to a chain of events, for example, contraction of 
smooth muscle [3], chromosomal and microtubule 
movement [4], ATPase activity [5], neurotransmitter 
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release [6] and phosphodiesterase adenylate cyclase 
activity [2]. In addition, calmodulin also has at 
least two different binding sites for drugs, parti- 
cularly inca alkaloids such as_ vincristine, 
vinblastine and maytansine [7], and antipsychotic 
agents [8]. 

Calmodulin is present in invertebrate oocytes 
[9] and sperm [10], and microinjection of 60-80 ng 
(3-4 picomole) of calcium-calmodulin complex 
into Xenopus laevis oocytes triggers resumption of 
meiosis (maturation). The complex has_ been 
shown to stimulate protein kinase in the cytosol 
of the oocytes. The level of calmodulin increases 
from 110 to 170ng per oocyte over Shr with 
progesterone stimulation [11]. It has been 
postulated that the calcium-calmodulin (Ca—CaM) 
complex degrades cAMP, and that the low cAMP 
level in the oocyte triggers the depolymerization of 
microtubules associated with the oocyte chromo- 
somes. This results in the oocyte advancing to 
the condensed chromosome stage of maturation. 
What controls the Ca~CaM complex and whether 
the controlling signal originates outside or inside 
the oocyte is unknown. 

Previous experiments [1] show that dbcAMP 
significantly enhances the percentage of fertilized 
squirrel monkey oocytes and sustains the motility 
of incubated sperm in vitro when compared with 
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the control. The present studies focus on two 
objectives: (1) measurement of the amount of 
calmodulin in the oocyte and sperm and (2) to 
determine if dbcAMP treatment, shown to enhance 
sperm motility and increase percent fertilization, 
affect the concentration of calmodulin in the 
oocytes and sperm of the squirrel monkey, hence, 
providing support for an involvement of cal- 
modulin in the mechanism of action of dbcAMP 
on the gametes. 


MATERIALS AND METHODS 


Experimental animals 


The animals used were adult squirrel monkeys 
(Saimiri sciureus, 500 to 600 grams) of Bolivian 
origin (Charles River Research Primates, Port 
Washington, New York) housed indoors on a 
12: 12 hr light: dark cycle at 21+3°C. During 
the summer months (June to October), the animals 
were housed in gang cages outdoors. The diet 
consisted of a commercial high protein monkey 
feed (Ralston-Purina), and slices of apples daily 
with fresh water ad libitum. 


Follicular induction regimen 


The follicular induction regimen consisted of 
four daily intramuscular (i. m.) injections of fol- 
licle stimulating hormone (1 mg, FSH—P®, Burns- 
Biotec Labs., Inc., Omaha, Nebraska) and a single 
i.m. injection of human chorionic gonadotropin 
(250 1U, APL®, Ayerst Laboratories, Montreal), on 
the fourth day. During the nonbreeding season 
(July through September) five days of FSH 
injections were used to induce follicular growth 
based on previously reported studies [15]. 


Laparoscopic recovery of squirrel monkey oocytes 
and semen collection 


The laparoscopic procedure for oocyte recovery 
has been previously described [16]. A 25 gauge 
needle, fitted on a 1 ml tuberculin syringe, was used 
to move the fimbria aside to expose the ovaries. 
The ovarian follicles were punctured and the 
oocytes aspirated into 0.05 ml of culture medium. 
The oocytes were then incubated in sterile 8- 
chamber tissue culture slides (Lab-Tek Products, 
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Napierville, Illinois) at 37°C in a moist atmosphere 
of 5% CO, in air. The oocytes in the cultures 
were Observed with an inverted microscope every 
24 hr. A slide incubator mounted on the micro- 
scope stage kept the cultures at 37°C during 


observations. The final volume in all chambers 
was adjusted to 0.25 ml. Semen was collected by 
electroejaculation. 


Culture media 


The medium used for culturing the oocytes and 
sperm was TC199 (with 2mM HEPES buffer, 
Earle’s salts, L-Glutamine, 5.6 mM D-Glucose, 
#380-2340, GIBCO Laboratories, Grand Island, 
NY) supplemented with 20% heat-inactivated fetal 
bovine serum (FCS, #210—-6510, GIBCO Labo- 
ratories, Grand Island, NY) 100 vg per ml 
Gentamicin® (Schering Corp., Kenilworth, NJ), 
1 unit per ml heparin and 1.05 mM pyruvate. All 
media were utilized by filtration through a 0.45 uM 
Millex filter (Millipore Corp., Bedford, MA) and 
stored in 10 ml vacutainer tubes (2°C). Fresh 
culture medium was prepared every 3 weeks. 


Calmodulin assay 


The calmodulin levels in the oocytes and sperm 
were measured using a calmodulin radioim- 
munoassay kit (CAABCO, Inc., Houston, Texas). 
This assay kit measures calmodulin specifically and 
does not measure binding proteins. Squirrel 
monkey sperm samples (200 pl at 2 x 10° sperm per 
ml) were incubated for 30 min in either control 
medium or medium containing 1 uM dbcAMP. 
The samples were then frozen and assayed later 
for calmodulin. 

A portion of the recovered squirrel monkey 
oocytes (n=9) was immediately frozen. A second 
set of oocytes (n=6) was incubated for 21 hr 
(time chosen was based on previous work [1] 
showing 50% of oocytes matured in vitro by 21 hr 
of culture) and then frozen for assay. The third 
set of oocytes, (n=14) incubated for 21 hr, was 
divided into two groups. The test compound, 
dbcAMP (1 uM), was added to one of these 
groups. The two groups were then frozen after 
a further 18 hr (a total of 39 hr) of culture. 

The oocyte and sperm samples were thawed, 
homogenized, heat-treated (90°C for 5 min), 
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centrifuged and the supernatant assayed. A set 
of known standard samples of calmodulin (rat 
testis origin) and the preimmune serum (for 
nonspecific background) were assayed prior to 
assaying of the samples. The assay procedure 
consisted of adding borate buffer with EDTA, 
**T-calmodulin (1 #Ci) and calmodulin antibody 
in that order, mixing, incubating (18 hr at 25°C), 
centrifuging the washed pellet and counting in a 
gamma counter (Tracor Model 1197). Duplicate 
assays were done on each sample. 

The percent of total bound iodine was calculated 
after background subtraction (standard or sample 
count divided by total bound count) and a semilog 
curve plotted for the standards (percent bound 
versus logarithmic calmodulin concentration in 
nanograms). The concentrations of calmodulin 
in the sperm and oocyte samples were obtained 
from the standard curve. 


RESULTS 


The results of the assay are shown in Table 1. 
Follicular oocytes contained about 53.6 ng cal- 
modulin per oocyte. The calmodulin level 
declined to 34.8ng/oocyte after 21 hr of in- 
cubation but increased to 51.4 ng/oocyte after a 
total of 39 hr of incubation. 

When 1 #M dbcAMP was added to the culture 
medium after 21 hr of incubation, a further decline 
in calmodulin levels was noted after a further 
18hr of culture (21.2 ng/oocyte). Statistical 
analysis (student’s f-test) using the value of 7.4 as 
the standard error (inter-sampling error) for a 
common pool of oocytes indicated that the 
dbcAMP treatment significantly reduced cal- 
modulin concentrations in the oocytes (P<0.05). 


Sperm treated with 1 ~M dbcAMP also had a 
lower concentration of calmodulin after 30 min of 
incubation (1.0 pg per sperm in the control com- 
pared to 0.7 pg per sperm in the dbcAMP group). 
Statistical analysis was not done for the values in 
the sperm groups because the inter-sampling 
standard error was not available. 


DISCUSSION 


The amount of calmodulin in squirrel monkey 
oocytes (53.6 ng) was found in the present studies 
to be about half the amount reported for amphibian 
oocytes (130 ng) [11]. The level of calmodulin 
appears to vary and depends on many factors such 
as hormone stimulation and incubation time. An 
experiment that was performed to compare control 
and 1 ~M dbcAMP-treated oocytes showed that 
the latter treatment resulted in a 58.8 percent drop 
in calmodulin concentration in the oocyte. This 
effect was due to either dbcAMP inhibiting cal- 
modulin bio-synthesis over the 18 hr incubation 
period, or an increase in degradation of calmodulin 
in the oocyte. The action of dbcAMP may be to 
inhibit the synthesis of calmodulin, based on the 
observation that prior to the dbcAMP treatment, 
the oocyte has about 34.8ng. An_ inhibited 
biosynthesis machinery would prevent further 
increases in calmodulin in the dbcAMP treated 
oocyte (21.2 ng) while the control oocytes show 
elevated calmodulin (51.4ng). Further work 
will be needed to clarify the effect of dbcAMP on 
calmodulin biosynthesis. 

The amount of calmodulin in the squirrel 
monkey sperm is about 1.0 pg. A recent report 
by Garbers ef al. [10] indicate that a single sea 
urchin sperm has about 0.0008 pg. The difference 


TABLE 1. Amount of calmodulin (CaM) in squirrel monkey oocyte and sperm 
Aspirated Oocytes Oocytes Sperm incubated Amount of 
Group oocytes after 21 hr after 39 hr for 30 min CaM per 
(ng/oocyte) (ng/oocyte) (ng/oocyte) (ng/10° sperm) sperm (pg) 
Control 53.6+7.4 (9) 34.8 (6) 51.4 (5) 1018.5 1.0 
1 uM dbcAMP — — 21.2 (9) 672.9 0.7 
Percent difference — — 58.8 33.9 


Number in parenthesis refers to number of oocytes in each group. 


Control value shown in mean+S.E.M. 


222 


in calmodulin content noted may be due to dif- 
ferences in primate sperm cell structure and nuclear 
content compared with sea urchin sperm. 

The role of calmodulin in the sperm has not been 
clearly defined. In the invertebrates, studies have 
shown that calcium acts through calmodulin 
located on axonemes (on 14s and 30s dyneins) in 
cilia to activate ATPase [12]. Each interaction of a 
calcium-calmodulin molecule with dynein-ATPase 
results in release of energy. This energy is utilized 
for the motor action of the cilia. It is possible that 
the movement of the sperm flagellum involves a 
mechanism similar to that found in the cilia. 

A decline in calmodulin levels was noted in 
sperm treated with dbcAMP (33.9% decline). 
Since this change was seen over a 30 min period, 
it is likely that the degradation of clamodulin by 
the action of dbcAMP was involved. It has been 
shown that calcium and cyclic nucleotides influence 
sperm motility and capacitation [17-20]. 

In summary, the present study documents the 
presence of calmodulin in nonhuman primate 
oocytes and sperm. The study also shows an 
effect of dbcAMP on calmodulin levels in the 
sperm and this may be related to the enhanced 
motility and fertilizability of sperm noted when 
treated with dbcAMP. 
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The in vitro Effects of Cyclic Nucleotides on Prostaglandin- 
Induced Ovulation of Goldfish (Carassius auratus) 
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ABSTRACT — The inhibitory effects of dibutyryl cAMP (DBcAMP), 3-isobutyl-1-methylxanthine 
(IBMX) and forskolin on prostaglandin F,, (PGF,.)-induced ovulation in the goldfish (Carassius 
auratus) were investigated using an in vitro incubation system. Oocytes that had undergone germinal 
vesicle breakdown and follicular detachment in vivo, were incubated in the presence of 10.0, or 
1.0 ug/ml PGF,. and IBMX, DBcAMP or forskolin. 

PGF, alone stimulated 82% and 70% ovulation at 10.0 and 1.0 g/ml respectively. At 10 g/ml 
PGF,., 5.0mMM DBcAMP, 1.0mM IBMX and 1.0 or 0.1 ~M_ forskolin significantly blocked 
ovulation. At 1.0 ug/ml PGF,., 5.0 or 0.5 mM DBcAMP, 1.0 or 0.1 mM IBMX and 1.0, 0.1 or 
0.01 «M forskolin significantly blocked ovulation. The results indicate that some point in the process 
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of goldfish ovulation after follicular detachment, is inhibited by cAMP. 


INTRODUCTION 


The mechanism and hormonal control of oocyte 
final maturation have been extensively studied in 
lower vertebrates [1-3]. In contrast, there are 
relatively few investigations specifically directed 
at the mechanism or endocrine regulation of 
Ovulation in these vertebrates. In several species 
of fish it has been demonstrated that prostaglandins 
can stimulate ovulation in vitro [4-6]. In addition, 
in brook trout (Salvelinus fontinalis), it has been 
reported that phosphodiesterase inhibitors and 
dibutyryl cAMP block ovulation in vitro [7]. It 
is possible, therefore, that cyclic nucleotides play 
a regulatory role in the control of ovulation in 
fish; however, the inhibitory effects of cAMP or 
phosphodiesterase inhibitors on ovulation, have 
only been reported for one species of fish. Thus, 
we were interested in determining the effects of 
cyclic nucleotides on ovulation in other species. 

In this paper we report on the effects of cAMP, 
forskolin and 3-isobutyl-l-methylxanthine on in 
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vitro ovulation of oocytes of the goldfish, Carassius 
auratus. 


MATERIALS AND METHODS 


Gravid goldfish (40-50 g) were held under 
natural photoperiods in recirculated water at 12°C. 
Under these conditions, the ovaries contain a large 
proportion of yolky, postvitellogenic oocytes 
from March until August. At 12°C, oocytes 
rarely undergo meiotic maturation and ovulation 
in vivo [8]. To obtain mature (germinal vesicle 
breakdown and follicular detachment)  intra- 
follicular oocytes for in vitro experiments, females 
were injected intraperitoneally with 5 ITU HCG/g 
body weight and then transferred to tanks main- 
tained at 20°C. Under these conditions, germinal 
vesicle breakdown (GVBD) usually occurs within 
4hr. To determine when GVBD had occurred in 
each female and when ovaries could be removed 
for incubation, oocytes were sampled from females 
by a small glass tube inserted into the ovipore. 
Biopsied oocytes were treated in a fixative previo- 
usly described [9] and examined for the presence or 
absence of the germinal vesicle. Fish were killed 
2-3 hr following the completion of GVBD and the 
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ovaries removed and dissected at 20-22°C in 
goldfish Ringers [10] containing 0.02 M HEPES. 
The Ringers were adjusted to pH7.5 with 
1 N NaOH. Mature intrafollicular oocytes were 
dissected free of other oocytes and ovarian tissue 
and were incubated at a ratio of 10 oocytes/1.0 ml 
of Ringers, having the same composition and pH 
as that used for dissection. Dibutyryl cAMP 
(DBcAMP; Boehringer Mannheim) and 3-isobutyl- 
1-methylxanthine (IBMX; Sigma) were dissolved 
directly in the incubation medium at appropriate 
concentrations. Forskolin (Calbiochem) and 
prostaglandin F.. (PGF..; Sigma) were first 
dissolved at high concentrations in ethanol and 
appropriate aliquots were added to the incubation 
medium to obtain the final desired concentrations. 
Ethanol concentrations never exceeded 2.0 pl/ 
1.0 ml incubation medium, and controls containing 
this quantity of ethanol appeared normal 
throughout the incubation period. Incubates 
were held for 2 hr at 20°C before assay. 

The appearance of an expanded chorion fol- 
lowing oocyte expulsion and the presence of 
spent follicles were used as criteria for ovulation. 
Stimulatory PGF,, concentrations and assay 
times were based on the results of past experiments 
on goldfish oocytes [6]. For statistical analysis, 
ovulation data was first transformed using 

BAe “f ovulated oocytes/replicate 
total oocytes/replicate 


and analyzed by a one-way analysis of variance 
and Tukey’s test. 


RESULTS 


Figures 1-3 show the effects of DBcAMP, 
IBMX and forskolin on in vitro ovulation induced 
by 10 or 1.0 vg/ml PGF... PGF,, alone at 
these concentrations induced approximately 82 
and 70% ovulation respectively. 

With increasing concentrations of DBcAMP, 
IBMX or forskolin it always appeared that there 
was an increase in the inhibition of ovulation. 
However, only the highest concentration of 
IBMX and DBcAMP inhibited ovulation sig- 
nificantly (P<0.05) compared to ovulation induced 
with 10 g/ml PGF,. alone. Forskolin was 
somewhat more effective in that the two highest 
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concentrations significantly (P<0.05) blocked 
PGF,,.-induced ovulation (at 10yg/ml). At 
1.0 vg/ml PGF,., the 2 highest concentrations of 
DBcAMP and IBMX and all of the concentrations 
of forskolin, significantly blocked ovulation. 
Oocytes incubated in the presence of DBcAMP, 
IBMX or forskolin appeared normal throughout 


the incubation period. Ovulation was never 
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Fic. 1. The inhibitory effects of dibutyryl cAMP 
(DBcAMP) on goldfish ovulation stimulated by 
10 wg/ml (xX) or 1.0 ng/ml (CO) PGF. All 
figures are the x+SEM (N=3). * denotes 
significant difference from corresponding PGF 2, 
control (10.0 or 1.0 ug/ml alone) at P<0.05. 
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Fic. 2. The inhibitory effects of 3-isobutyl-1-methyl- 
xanthine (IBMX) on goldfish ovulation stimulated 
by 10 ug/ml (x) or 1.0 wg/ml (CO) PGF. All 
figures are the Xx+SEM (N=3). * as in Fig. 1. 
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ovulation stimulated by 10 ug/ml (x) or 1.0 ug/ml 
(O) PGF,.. All figures are the x+SEM (N=3). 
* as in Fig. 1. 


observed in incubates containing medium alone 
(results not shown). 


DISCUSSION 


The percentage of ovulation observed in this 
study at 10.0 or 1.0 wg/ml PGF,. was very similar 
to that observed previously in goldfish by Kagawa 
and Nagahama [6] using a similar in vitro system. 
The results presented here demonstrate that 
cyclic nucleotides can inhibit PGF,.-induced 
ovulation of goldfish oocytes. Further, the results 
with DBcAMP and forskolin indicate that the 
inhibition is due primarily to cAMP. Whether 
cGMP is also inhibitory to ovulation is unknown. 

In brook trout, IBMX, SQ 20,006 (phos- 
phodiesterase inhibitor) and DBcAMP also blocked 
PGF.,..-enhanced ovulation [7]. Also, since brook 
trout oocytes ovulate spontaneously in vitro 
without prostaglandins, it was possible to deter- 
mine the inhibitory effects of cyclic nucleotides on 
control ovulation in that species [7]. Under 
the in vitro conditions employed for this study, 
ovulation of control oocytes was never observed, 
as previously reported for goldfish [6]. It appears 
that brook trout ovulation is much more sensitive 
to inhibition by IBMX than is goldfish ovulation. 


Whereas 0.01mM IBMX significantly blocked 
ovulation of brook trout oocytes [7], 0.1 or 
10mM IBMX was necessary for significant 
inhibition of goldfish ovulation. Inhibition by 
DBcAMP appears to be similar between trout and 
goldfish. In mammals it does not appear that 
cyclic nucleotides block ovulation since injection of 
DBcAMP or theophylline into the bursal cavity 
of the hamster ovary 3 hr prior to ovulation had 
no effect on ovulation [11]. 

Since oocytes used in the present study had 
already undergone follicular detachment, inhi- 
bition by cyclic nucleotides appears to be a result 
of the blockage of follicular rupture or oocyte 
expulsion. It has been suggested that, in fish, 
smooth muscle in the follicle wall contracts at 
the time of ovulation, expelling the oocyte [1]. 
As suggested earlier [7], it is possible that cAMP 
may interfere with this contractile mechanism, 
thus blocking oocyte expulsion. In other smooth 
muscle systems cAMP has been shown to inhibit 
the Ca**-dependent phosphorylation of myosin; 
a requisite for contraction [12]. In addition, 
cAMP has been shown to promote sequestration 
of Ca** rather than mobilization [13, 14]. Since 
the phosphorylation of myosin is Ca**-dependent, 
this might also inhibit contraction. The results 
presented here demonstrate that the inhibitory 
effect of cyclic nucleotides on ovulation appears 
to be a more general phenomenon within the 
teleosts. Whether there is a physiological role for 
cAMP in the natural control of ovulation is still 
unknown and is under investigation. 
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Organs of the Bullfrog Rana catesbeiana 
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ABSTRACT — In Rana catesbeiana active spermatogenesis and maximal development of sexual 


characters simultaneously occur in their annual changes. 


especially in June. 


Spermatocytes were numerous in summer, 


Prior to active spermatogenesis and development of sexual characters, 35-HSD 
activity became most intense in the interstitial cells in May and June. 


This activity was also present 


in a weak form in the Sertoli cells and follicle cells from May to July. The size of the nuclei in the 
interstitial cells was greatest in April, and then gradually decreased. The development of the thumb 
pads was most remarkable in June and July, and the seminal vesicles were most developed in July. 
Blood levels of LH-like hormone and testosterone were highest in April and June, respectively. 


INTRODUCTION 


The effects of mammalian gonadotropins on 
anuran gonads have been studied in many species. 
In these experiments, the effects on spermatogenesis 
were examined in relation to mammalian FSH, and 
those on the development of the interstitium, in 
relation to mammalian LH [1, 2]. On the basis of 
these studies, two theories have been presented 
concerning the different period between sper- 
matogenesis and interstitial development in 
previously reported temperate zone species such 
as Rana temporaria and Bufo bufo bufo: (a) the 
secretion of two gonadotropins occurs at different 
times, (b) the anuran gonadotropin is of one type, 
and the sensitivity of the germinal epithelium and 
the interstitium differs according to the time of 
year [3]. Two kinds of gonadotropins have 
recently been extracted from bullfrog hypophyses 
[4-6]. Although annual changes in the repro- 
ductive organs have already been reported in 
many anuran species [2, 7], the annual changes in 
the testes have not yet been sufficiently studied in 
the bullfrog, and the annual changes in the target 
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organs of androgens, such as the thumb pads and 
seminal vesicles have not been reported at all in 
this important species. The present study made it 
clear that the pattern of annual changes in the 
testes and accessory sex organs of the bullfrog 
was different from that of previously reported 
temperate zone anurans. 


MATERIALS AND METHODS 


Adult males of Rana catesbeiana, 15-18 cm in 
body length, were collected in the suburbs of 
Niigata city throughout the year except winter 
months. In December and March, frogs which 
hibernated in an outdoor pool were used. Six 
to ten frogs were used each time. The breeding 
of this species mostly occurs in June and July in 
the Niigata district. 

Histological study Testes, seminal vesicles 
(ampulla portion of Wolffian duct) and thumb 
pads were fixed in Bouin’s fluid and then embedded 
in paraplast. Eight ~m serial cross sections were 
stained with Delafield’s hematoxylin and eosin. 
Twenty round cross sections of seminiferous 
tubules from each animal were selected at random, 
the diameters were measured, and the cross section 
areas were calculated. The activity of sper- 
matogenesis was judged quantitatively from the 
number of germ cells in each spermatogenetic 
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Germ cells in the 20 sections were counted 
for the following stages: primary spermatogonia 
(undivided spermatogonia), secondary _ sper- 
matogonia (spermatogonia multiplying), primary 
spermatocytes, secondary spermatocytes, sper- 
matids and spermatozoa. The number of germ 
cells in each stage was totaled, and the average 
value for each stage per one cross section of the 
seminiferous tubules was calculated, i.e., these 
values are relative ones. The histological structure 
of the thumb pads was quantitatively observed in 
each animal, i.e., the height of papillae, epidermis, 
mucous glandular cells and mucous glands was 
measured at random at 20 well-developed parts. 
In the seminal vesicles, the area of the cross section 
except the lumen was measured, and the area of 
the glandular epithelium was also measured with 
an autoplanimeter (Planimex, Japan Regulator 
K. K.) from 5 photographs taken from the middle 
part of the vesicle in each animal. The long and 
short nuclear diameters of 20 interstitial cells were 
measured in each animal, and the area was 
estimated. 

Histochemical study Delta 5-38-hydroxysteroid 
dehydrogenase (38-HSD) activity was examined 
in frozen testes sections cut at 204m with a 
cryostat [8]. That is, dehydroepiandrosterone was 
used as the substrate and nicotinamide adenine 
dinucleotide (NAD) was used as the co-factor. 
The sections were incubated at 37°C for 2.5 hr, 
fixed in 10° formalin and then mounted in Kaiser’s 
glycerine jelly. The degree of 36-HSD activity 
reaction was expressed in the following 5 grades: 
—, +, +, ++, tt, and each grade was given 1, 0.5, 
1, 2 and 3 marks respectively. 

Radioimmunoassay Blood samples were taken 
without anesthesia by cardiac puncture within 
a few hours after capturing the frogs. Follow- 
ing aggregation and centrifugation (3,000 rpm, 
15 min) of the blood, serum was stocked —70°C 
until assayed. Blood levels of LH-like hormone 
were determined by homologous radioimmuoassay 
technique using homologous LH-like hormone 
antisera [9]. Blood levels of testosterone were- 
determined by radioimmunoassay technique by 
Ismail et al. [10] using testosterone antisera 
(Teikoku Hormone MFG. Co., Ltd., Tokyo), 
crossreaction of which to dihydrotestosterone was 


stage. 


13575: 

Statistics To evaluate annual variations the 
mean statistics for each month were compared .by 
ANOVA and Duncan’s test after confirmation of 
homogeneity between the error variance within 
months by Bartlett’s test on a Nippon Electric 
Company PC-8801 calculator using the program 
WBSI8804 duncann88. When the variance was 
heterogeneous, Kruskal-Wallis’ test and Mann- 
Whitney’s U test were performed using the pro- 


grams WBSI8804 _ kruswall and WBSI8804 
manwhé6. 
RESULTS 
Testes There was no significant difference bet- 


ween months in testicular weight and cross area 
of seminiferous tubules, though a remarkable peak 
was seen in the average weight of the testes 
(Fig. 1). There was no difference in the number 
of primary and secondary spermatogonia and 
spermatids between months (Fig. 2). The number 
of spermotozoa, however, tended to differ between 
months (P<0.17). There were fewer spermatozoa 
in June than in May and September (P<0.05), 
and the number in August was significantly less 
than that in September (P<0.10). A _ significant 
difference was recognized in the number of 
primary (0.01 <P<0.05) and secondary sper- 
matocytes (P<0.01) and the cumulated number 
of both spermatocytes (P<0.01) throughout the 
year. That is, primary spermatocytes were more 
numerous in June than in April (0.01 <P<0.05; 
Fig. 3). The number of secondary spermatocytes 
was also greater in the summer months (June to 
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Fic. 1. Annual changes in testicular weight (top) and 
cross area of seminiferous tubules (bottom). Ver- 
tical lines around the points show standard errors. 
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Fic. 2. Annual changes in spermatogenetic activity. 
Points represent mean numbers of germ cells at 
various spermatogenetic stages per cross section of 
seminiferous tubule. Vertical lines around the 
points show standard errors. 


September) than in April, May and October 
(0.01<P<0.05), and was greatest in June, when it 
was higher than even in July and August (0.01 < 
P<0.05). The total number of primary and 
secondary spermatocytes was also greatest in June, 
when it was greater than in April, May and Octo- 
ber (P<0.01), but was not different from the 
number in July, August and September. 

In the interstitial cells, a significant difference in 
38-HSD activity was observed throughout the 
year (P<0.001; Figs.4 and 5). It was higher 
from April to July than from August to March 


Fic. 3. Testicular histology in (a) April and (b) June. 
IC: interstitial cells, G: spermatogonia, P: 
primary spermatocytes, S: secondary spermato- 
cytes, ST: spermatids. Scale: 100 um. 


(P<0.05), and was highest in May and June when 
it was significantly higher than in April and July 
(0.01<P<0.05). The nuclear size (area) of the 
interstitial cells differed between months (P<0.01; 
Fig. 4). It was higher in April and May than in 
September and October (P <0.05; Fig. 5), and was 
highest in April when it was higher than in June, 
July and August (P<0.05). 
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In the seminiferous tubules, a weak but definite 
36-HSD activity was detected (Fig. 5a arrows). 
This reaction was observed on the inner side of the 
tubular wall and the germinal cysts. No reaction 
was observed in the control without the substrate 
(Fig. 5b). The reaction mainly appeared from 
May to July, and tended to decrease in August. 

Thumb pads _ Significant differeces were seen 
in the height of papillae, epidermis, mucous 
glandular cells and mucous glands throughout the 
year (P<0.02; Figs. 6 and 7). The papillae were 
larger from May to August than in April, Sep- 
tember and October (P<0.05). The epidermis 


Fic. 4. Annual changes in 38-HSD activity in the 
interstitium and seminiferous tubules (top) and 
the nuclear size (area) of the interstitial cells (bot- 
tom). Mean-LSE. 


and weak positive reaction in the seminiferous tubules (arrows). (b) Control reaction without sub- 


Strate. 


No reaction of 36-HSD activity is recognized. Arrows: seminiferous tubular wall. Hema- 


toxylin-eosin stained interstitial tissue in (c) April and (d) October. IC: interstitial cells, S: Sertoli 
cell, F: follicle cell. Scales: 50 ym. 
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Fic. 6. Annual changes in thumb pad histology (cross 
sections). Mean-+SE. 


was thicker in June and July than in the other 
months (0.01<P<0.05). The mucous glandular 
cells were larger in June and July than those in 
April, September and October (P<0.05), and were 
largest in July. The mucous glands were larger 


in June and July than in April and September 
(P<0.05). Fic. 7. Thumb pads (cross sections) in (a) April, (b) 
July and (c) October. E: epidermis, M: 
mucous gland, PP: papillae. Scale: 200 um. 


Seminal vesicles Although there was no sig- 
nificant difference in the cross-sectioned area of 
the vesicular wall (mesenchyme with glandular 
epithelium) or the glandular epithelium between 
months (Figs. 8 and 9), both parts tended to be 
most developed in July. Furthermore, a differ- 
ence in the amount of the glandular epithelium 
per vesicular wall (P<0.01; Fig. 8) was seen 
between months, i.e., the ratio was higher in April 
and May than in August, September and October 
(P<0.05), and was highest in May. 

LH-like hormone Significant differences were 
seen in the serum levels of LH-like hormone 
between months (0.05<P<0.10; Fig. 10). They 
were highest in April (P<0.05 or P<0.10) and no 
significant difference was seen from May to 
October. December was lower than from April APR MAY JUN guL AUG SEP ocT 
to July (P<0.05 or P<0.10) and was lowest dur-  Fyg. 8. Annual changes in seminal vesicle histology 
ing the examined period. (cross sections). Mean-+-SE. 
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Fic. 9. Seminal vesicles (cross sections) in (a) April, 


(b) July and (c) October. Scale: 500 um. 

Androgen Significant differences were seen in 
the serum levels of testosterone between months 
(P0008 3 Biewtl): They were higher from 
April to October than from December to March 
(P<0.05), and were higher from May to July than 
in other months (P<0.05) and highest in June. 


DISCUSSION 


In the bullfrog, unlike previously reported 
temperate zone species, the peaks of spermatocyte 
count coincided with the maximal development of 
sexual characters and the peaks of testosterone 
levels in June and July. This period is the breeding 
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season of this species in the Niigata district. 

Prior to this period, many spermatozoan bundles 
were ready in the seminiferous tubules in April 
and May, when thumb pads had just begun to 
develop and the blood levels of testosterone were 
evidently higher than during hibernation. The 
nuclear volume of interstitial cells and the ratio 
of the glandular epithelium per vesicular wall 
were greatest in April and May, respectively, and 
then they gradually decreased. These fluctuations 
corresponded well to annual changes in blood 
levels of LH-Jike hormone and our previous data 
on the gonadotropin-producing cells of the hypo- 
physis [11]. 

The peak of LH-like hormone secretion in April 
was followed by high testosterone levels from May 
to June. 38-HSD activity almost paralleled 
the changes in the blood levels of testosterone, 
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whose peaks were accompanied by simultaneous 
and remarkable development of the thumb pads 
and of the sectional area of the seminal vesicles. 
Thus, the data which relate to LH-like hormone 
are histologically and quantitatively consistent 
with each other. 

According to the established concept of FSH 
stimulation of spermatogenetic activity in anu- 
rans, these results lead us to assume _ that 
simultaneous secretion of FSH- and LH-like hor- 
mone occurs in the bullfrog. This assumption has 
recently been directly supported by the results of 
radioimmunoassy in males of this species [12]. 
This secretory pattern in the bullfrog is different 
from the pattern which has been assumed in other 
temperate zone anurans. 

Then, why is the pattern in the bullfrog different 
from that in other species? Before asking this 
question, we must ask if the estimation of FSH 
secretion has been adequate in previous studies. 
In Rana esculenta [13] and Bufo bufo bufo [14], the 
results of hypophysectomy indicated that the 
hormone(s) of the hypophysis-gonad axis have 
much effect on the secondary spermatogonial stage 
of spermatogenesis. In the present study, how- 
ever, we suppose that spermotogenetic activity must 
be controlled at the spermatocytic phase rather than 
at the secondary spermatogonial phase by these 
hormones in the bullfrog, since an evident fluc- 
tuation was found in the number of spermatocytes. 
Anuran spermatogenesis has been attributed to 
FSH stimulation on the basis of the studies with 
mammalian hormones [1, 2]. But we cannot 
attribute bullfrog spermatogenesis to homologous 
FSH alone, unlike previous studies on anuran 
spermatogenesis, since the increase in the number of 
germ-cell cysts was stimulated either by homol- 
ogous FSH- or LH-treatment in hypophy- 
sectomized bullfrogs [15]. 

Then, what kinds of other hormones of the 
axis may be involved in the control of anuran 
spermatogenesis? Although exogenous testos- 
terone inhibited secondary spermatogonia in many 
anuran species [1, 16, 17], some investigators have 
turned their attention to the relation between 
spermatogenesis and 38-HSD activity of the testis. 
Close association of 35-HSD activity in the Sertoli 
cells with germ cell multiplication has been reported 


in the Chinese cobra [18] and axolotl [19]. Lofts 
]18] suggested that androgen originating from the 
Sertoli cells had local effects on germinal epithelium 
and germ cell multiplication, though no evidence 
appeared in the levels of plasma and gonadal 
testosterone [20]. 

In anurans, it has been shown that the Sertoli 
cells have an enzyme system [21], materials [18, 22] 
and ultrastructures [23] which are related to steroid 
production. The anuran Sertoli cells, as in other 
anamniotic vertebrates, transform from the follicle 
cells forming the wall of the germinal cysts. 

In R. catesbeiana blood levels of testosterone and 
38-HSD activity in the seminiferous tubules not 
only showed peaks in June of the breeding season 
when the spermatocyte count showed peaks but 
increased beforehand, and all of them decreased in 
autumn. In view of this phenomenon, it is 
supposed that androgen originating in the Sertoli 
cells may relate to germ cell multiplication. But 
we cannot say definitely which androgens have an 
effect on spermatogenesis in the bullfrog. Be- 
cause in the bullfrog, unlike in the Chinese cobra 
and axolotl, there was stronger 35-HSD activity in 
the interstitial cells when the activity appeared in 
the seminiferous tubules. 

Androgen, in other anurans, could be produced 
not only by heterogeneous mammalian LH but 
also by mammalian FSH [24] which has previously 
been used to study anuran spermatogenesis, though 
in R. catesbeiana androgen secretion was stimulated 
by homologous LH and was clearly less stimulated 
by homologous FSH [25, 26]. Furthermore, the 
multiplication of spermatogonia and/or spermato- 
cytes started immediately after the breeding season 
in R. esculenta [22], R. nigromaculata [27], R. 
temporaria [28] and Bufo b. bufo [29], although 
active spermatogenesis and well-developed thumb 
pads appeared for different periods in these species, 
unlike in the bullfrog. It is possible, therefore, 
that the multiplication of spermatogonia and/or 
spermatocytes occurs under the influence of high 
levels of androgen in these species, and this pos- 
sibility may be considered in the bullfrog. In 
fact, spermatogonial division is slow and most 
primary spermatogonia do not develop further 
than primary spermatocytes and then degenerate 
during the winter when the thumb pads have not 
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developed enough in R. esculenta in Holland [22]. 
Thus, it is conceivable that the estimation of the 
activity of FSH secretion based on spermatogenetic 
conditions is one-side. The present study suggests 
that anuran spermatogenesis must be investigated 
not only from the FSH side but also from the LH 
and androgen sides, and that reviews on the 
period of FSH secretion from the hypophysis in 
previously reported anuran species are needed. 
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Ultrastructural Changes of Endometrium and Myometrium 
during Development of Adenomyosis in Mice 
with Ectopic Pituitary Transplants 


YASUHIKO OHTA!, TAKAO Mori? and HirosHt NAGASAWA? 
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ABSTRACT — Ultrastructural changes occurring in the endometrium and myometrium during 
development of adenomyosis were examined in SHN mice with ectopic pituitary grafts. In the uteri 
of mice sacrificed 6 weeks after grafting, adenomyosis was at its early developmental stage, stromal 
fibroblasts invading into the inner myometrium mainly along the blood vessels. The blood vessels 
running straight across the inner myometrium were more highly developed as compared with those of 
the control mice bearing no pituitary grafts. Smooth muscle cells of the inner myometrium in the 
transplanted mice, except for those in proximity to endometrial stroma and blood vessels, ran parallel 
to the long axis of the uterine horn, unlike the concentric arrangement around the uterine axis in the 
controls. Muscle cells around the blood vessels were arranged parallel to the vessels. In addition, 
muscle cells adjacent to the connective tissue layer between the inner and outer myometrium were 
markedly loosened in the transplanted mice, associated with widening of intercellular spaces. With 
advance of development of adenomyosis, the inner and outer muscular bundles of the myometrium 
were distended and in areas of invasion of a large amount of endometrial tissues muscle cells were de- 
generating. Disintegration of the inner myometrium was further progressed by 14 weeks after 
transplantion. Associated with these changes in the myometrium, endometrial stromal cells were 
proliferated and hypertrophied in the pituitary-grafted mice. The relevance of these findings to the 
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development of adenomyosis is discussed. 


INTRODUCTION 


Ectopic pituitary grafting induces an early and 
high incidence of uterine adenomyosis in some 
strains of mice associated with hyperprolactinemia 
[1, 2]. Furthermore, spontaneous development of 
adenomyosis with advance of age can be prevented 
by administration of bromocriptine, a potent 
suppressor of pituitary prolactin release, while 
young [3, 4]. These results suggest that prolactin 
may play an important role in the development of 
adenomyosis. 

Early signs of the development of uterine 
adenomyosis are the infiltration of stromal 
fibroblasts into the myometrium along the blood 
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vessels which is followed by uterine gland invasion 
[5]. Our preliminary observations using electron 
microscope revealed the involution of smooth 
muscle cells and distension of intercellular spaces 
in the inner layer of the uterine myometrium of 
the established adenomyosis [6]. The results 
prompted us to examine the time course of the 
development and progression of this lesion in mice. 


MATERIALS AND METHODS 


Mice of a highly inbred SHN strain used in this 
investigation were housed in plastic cages under a 
14 hr: 10 hr light: dark schedule in a temperature 
(25 +0.5°C)-controlled room and fed Japan CLEA 
laboratory pelleted diet and tap water ad libitum. 
Fifty-day-old mice were grafted with a single 
isologous anterior pituitary into the lumen of the 
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right uterine horns and killed 6 or 14 weeks after 
grafting. Control mice were given a piece of 
submaxillary gland at the same sites and killed 
at comparable ages. The number of mice 
examined was 5 in each group. All mice were 
showing diestrous vaginal smears at autopsy. 

The middle portion of the right uterine horn 
was fixed in a 0.1 M cacodylate-buffered (pH 7.4) 
mixture of 2.5% glutaraldehyde and 2% para- 
formaldehyde. After washing in the buffer, the 
uterine pieces were transferred to 1% ice-cold 
osmium tetroxide in the same buffer. The tissues 
were then dehydrated and embedded in Spurr 
resin. Thin sections cut transversely on a Porter- 
Blum MT-2B ultramicrotome were stained with 
uranyl acetate and lead citrate, and examined 
under a Hitachi HS-7D type of electron micro- 
scope. 


RESULTS 


Control mice 


Adenomyotic changes were not found in the 
uteri of the control mice sacrificed 6 or 14 weeks 
after transplantation of submaxillary glands. 
Myometrium was composed of two layers of 
smooth muscle bundles: the inner layer bundles 
were arranged concentrically around the long 
axis of uterus (Fig. 1) and the outer layer bundles 
parallel to the axis (Fig. 2). Smooth muscle 
cells of both layers possessed the fusiform nuclei 
with fine chromatin granules and a few nucleoli, 
and the cytoplasm bearing mitochondria, short 
cisternae of rough surfaced endoplasmic reticulum 
(rER), Golgi complexes and free ribosomes. 
Two populations of myofilaments, thick and thin, 
ran parallel to the long axis of a smooth muscle 
cells. Many pinocytotic vesicles were present 
in the plasma membrane. Muscle cells of outer 
bundles were apposed one another with narrow 
intercellular spaces bridged by larger number of 


Fics. 1-3. 
14 weeks later. 


Fic. 1: Inner layer of myometrium. Elongated smooth muscle cells regularly arranged. 


tight junctions as compared with those of inner 
bundles. 

Luminal and glandular epithelial cells of the 
uterine endometrium contained fine chromatin 
granules and one or two developed nucleoli in the 
smooth-surfaced oval nuclei, and mitochondria, 
rER, numerous free ribosomes, lysosomes and 
lipid droplets in the cytoplasm. Golgi complexes 
were developed in the supranuclear region, 
sometimes forming a Golgi field, and a number of 
secretory granules were scattered near the apical 
plasma membrane. Endometrial stroma _ con- 
sisted of spindle-shaped cells with the large 
fusiform nuclei and scant cytoplasm (Fig. 3). 
The nucleus contained dispersed chromatin and 
a few nucleoli, and the cytoplasm possessed a 
small amount of cell organelles, e.g. mitochondria, 
rER, Golgi complexes, lipid droplets, lysosomes 
and free ribosomes. 


Pituitary-grafted mice 


Adenomyotic changes occurred in all grafted 
mice sacrificed 6 or 14 weeks after the grafting. 
At an early developmental stage of adenomyosis, 6 
weeks after grafting, spindle-shaped stromal fibro- 
blasts were invading into the inner myometrium 
along branching blood vessels. The blood vessels 
running straight across the inner myometrium 
were of frequent occurrence in the transplanted 
mice but not in the controls. These blood 
vessels, about 15 wm in diameter, were composed 
of the endothelium surrounded by a single layer of 
smooth muscle cells. In uterine areas showing 
adenomyotic changes, the inner muscular layer 
around blood vessels became two times thicker 
than in areas without lesions. Almost all muscle 
cells of the inner myometrium, except for those in 
proximity to the endometrial stroma and blood 
vessels, were disposed parallel to the long axis of 
the uterine horns, unlike muscle cells running 
concentrically around the uterine axis in the 
control inner myometrium (Fig. 4). Muscle cell 


Uterine wall of SHN mouse given an isograft of submaxillary gland at 50 days of age and killed 
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2: Outer layer of myometrium. Smooth muscle cells regularly arranged. Intercellular spaces narrow. 
x 6400. Fic. 3: Stromal cells of endometrium with large nuclei and scanty cytoplasm. Intercellular 


spaces widened. x 3200. 
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adjacent to blood vessels were arranged parallel 
to the vessels, while those adjacent to the 
endometrial stroma still maintained the circular 
disposition. Muscle cells were irregular-shaped 
with irregular-shaped nuclei, like those of con- 
tracting cells, although organelles they contained 
were similar to those in the control cells. The 
inner muscular bundles in proximity to the con- 
nective tissue space between the inner and outer 
layers of myometrium were loosely arranged, 
with widened intercellular spaces. Disintegrating 
muscle cells lacking cell organelles were frequently 
encountered in this region. In contrast, the 
outer layer of myometrium at early stages of 
adenomyosis formation exhibited no marked 
changes. 

In mice killed 6 weeks after pituitary grafting, 
adenomyosis was occasionally in more advanced 
states at least in some parts of the uterus. Uterine 
gland invasion accompanying a large amount of 
stromal cells reached the outer myometrium. 
Nodules of aberrant endometrial tissue were 
surrounded by lamellated fibroblasts and contained 
some branches of blood vessels with developed 
capillaries. Although the inner myometrium 
invaded by endometrial tissues was almost 
similar to that at early developmental stages of 
adenomyosis (vide supra), some muscle cell bundles 
near the endometrial stroma were highly dis- 
organized, consisting of pycnotic or autolytic 
cells (Fig. 5). Marked morphological changes 
also took place in the outer myometrium invaded 
by endometrial tissues. In disorganized areas, 


Fics. 4-5. 
killed 6 weeks later. 


Fic. 4: Layer disorganized, smooth muscle cells and their nuclei irregular-shaped. 


two types of muscular bundles were distinguishable. 
In one type, muscle bundles were loosened (Fig. 6). 
The nuclei of muscle cells were irregular in shape, 
bearing highly condensed chromatin, and the 
electron-dense cytoplasm contained cell organelles 
similar to those of the controls. A number of 
cytoplasmic processes projected from these cells 
into distended intercellular spaces bridged by a 
few tight junctions. The bundles contained a 
few electron-lucent cells lacking organelles. In 
the other type, bundles consisted of swollen 
muscle cells undergoing autolysis to varying 
degrees (Fig. 7). The nuclei of some cells were 
horseshoe-shaped, and the cytoplasm in the 
nuclear depression contained some mitochondria 
and Golgi complexes, whereas the other cells of 
the bundle had totally lost cell organelles. A 
number of lysosomes were encountered in the 
peripheral cytoplasm. 

Advanced adenomyosis with subserosal nodules 
were found in the right grafted uterine horns of 
all mice killed 14 weeks after pituitary grafting. 
In the adenomyotic areas, the inner layer of the 
myometrium became loosened as a whole and 
occasionally the muscular bundles were broken 
by masses of invaded endometrial tissue produced 
under the serosa. Muscle cells were markedly 
reduced in size as compared with those in mice 
killed 6 weeks after pituitary grafting as well as 
in the controls (Fig. 8). The cells were irregular- 
shaped with the nuclei likewise irregular-shaped, 
containing one or two undeveloped nucleoli 
and chromatin granules peripherally condensed. 


Inner layer of myometrium of SHN mouse given a pituitary isograft at 50 days of age and 


x 6400. Fic. 5: 


The muscular bundles adjacent to endometrial stroma highly disorganized, cells undergoing pycnosis 


or autolysis. x 3200. 


Fics. 6—7. 
killed 6 weeks later. 


Fic. 6: Muscle cells involuting, intercellular spaces distended. 
In some cells, nuclear membrane partly disappearing, the remaining part 
x 6400. 


cells undergoing autolysis. 
densely lined with chromatin granules. 


Outer layer of myometrium of SHN mouse given a pituitary isograft at 50 days of age and 


<x 6400. Fic. 7: Swollen muscle 


Fics. 8-9. Uterus of SHN mouse given a pituitary isograft at 50 days of age and killed 14 weeks later. 


Fic. 8: Inner layer of myometrium. Muscle cells involuting, distended intercellular spaces with 


invading endometrial stromal tissue (ST). 


x 6400. Fic. 9: Stromal cells of endometrium. Stromal 
fibroblasts hypertrophied with narrowed intercellular spaces. 


x 3200. 
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Pinocytotic invaginations of the plasma membrane 
were decreased in number, but a number of large 
vacuoles, occasionally swollen, were seen in the 
peripheral cytoplasm. Cell organelles did not 
show any marked difference from those in muscle 
cells of the controls. Intercellular spaces were 
widely distended and only a few tight junctions 
were observed between the cells. Cells under- 
going pycnosis or autolysis were not uncommon 
in the inner muscular bundles. Structure of the 
outer myometrium around invading endometrial 
tissues was not much different from that in the 
controls, except for the thinning of the bundles. 
Similar disorganization of the outer bundles 
found in mice 6 weeks after pituitary trans- 
plantation rarely took place. Where subserosal 
nodules occurred, muscular bundles of the outer 
myometrium disappeared between the serosa and 
invaded endometrial tissues, the modules sur- 
rounded only by lamellated fibroblasts being in 
direct contact with the serosa. 

In two groups of the pituitary-grafted mice 
killed 6 or 14 weeks after transplantation, there 
was no apparent difference in structure of the 
endometrial tissues, whether they were from 
normal-looking or lesioned area. Both the uterine 
lumen and the uterine glands undergoing cystic 
dilatation were lined by palisaded cuboidal or 
columnar cells, showing intracellular structure 
similar to those of the controls. In contrast, 
endometrial stromal cells underwent proliferation 
and hypertrophy (Fig. 9). They were in close 
contact with each other in the subepithelial region, 
narrow intercellular spaces being bridged by a 
few junctions. While there was no marked 
difference in intracellular structure of stromal 
cells between the pituitary-transplanted and the 
control mice, nucleolus was enlarged in stromal 
cells of the former relative to the latter. 


DISCUSSION 


In the mouse uterus, ectopic pituitary transplants 
induce disorganization of the myometrium and 
proliferation of the endometrial stroma, resulting 
in the development of adenomyosis. Whereas 
chronic hyperprolactinemia produced by pituitary 
grafts has been reported to be largely responsible 


for the genesis of adenomyosis [1, 2, 4, 5, 7], 
Ostrander et al. [8] claimed that the production of 
adenomyosis was accounted for by a hormonal 
imbalance involving high levels of circulating 
progesterone. On the other hand, prolactin was 
reported to enhance the decidual response of 
rodent uterus to trauma [9, 10] and exert a marked 
inhibitory effect on oxytocin-induced myometrial 
contraction in rats primed with estrogen and 
progesterone [11] and in pregnant rabbits [12]. 
These results strongly suggest that the uterine 
myometrium and endometrial stroma are the 
major target tissues of prolactin under a variety 
of physiological circumstances. Since endometrial 
stromal and myometrial cells are derived from a 
common embryonic mesenchyme surrounding the 
paramesonephric duct [13], they may be capable of 
response to the same hormone. 

The earliest sign of development of adenomyosis 
was an invasion of endometrial stromal fibroblasts 
into the myometrium along the branches of the 
blood vessels. Disintegration of muscular bundles 
due to derangement and involution of muscle 
cells associated with widening of intercellular 
spaces appear to facilitate the invasion of blood 
vessels throughout the myometrium. In addition, 
endometrial stromal cells were proliferated and 
hypertrophied similar to those of rat uterus 
treated with ovarian steriods [14, 15]. Under 
physiological conditions, infiltration of endometrial 
tissues is barriered by smooth muscle bundles. 
Accordingly, disintegration of muscular bundles 
in the pituitary-grafted mice may allow the invasion 
of proliferating endometrial tissues into the 
myometrium. Branching blood vessels in the 
uterine wall may act as guide for the invasion of 
endometrial tissues into the musculature. It 
has been pointed out that adenomyosis is always 
associated with changes of blood vessels in humans 
[16] and mice [5, 8]. 

The outer myometrium was more strongly 
deranged in mice at 6 weeks after pituitary tans- 
plantation than at 14 weeks, although muscular 
bundles were thinner at 14 weeks. Those findings 
may be accounted for by the loss of degenerated 
cells and decreased responsiveness of the remaining 
cells to the abnormal hormonic milieu. 
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Strain Difference in Coprophagous Behavior 
in Laboratory Mice (Mus musculus) 
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ABSTRACT — Coprophagous behavior was observed for a period of 24 hr in two strains of mice 
(Mus musculus), (CR and C3H/He, in a semibarrier-sustained room illuminated for 14 hr a day (lights 
on at 0500 and off at 1900). The results were compared with those of the IVCS strain (derived 
from the dd strain). Animals of each strain practiced coprophagy frequently for about 8 hr after the 
lights were turned on. The number of fecal pellets ingested was 6.2+0.6 (mean-+standard error) 
in ICR males, 5.3+0.8 in ICR females, 1.7+0.4 in C3H/He males, 1.00.4 in IVCS males, and 
3.3+0.5 in IVCS females (data on the IVCS strain were quoted from a report by Takahashi ef al., 
Zool. Mag., 92: 397-401, 1983); there were significant differences among the strains and between the 
sexes in IVCS mice. Animals displayed two types of coprophagous behavior. In almost all cases, 
animals ingested feces by taking them directly from their anus, and in rare cases, from the wire-mesh 
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floor. 
drinking activity was lower. 
feeding and drinking. 


INTRODUCTION 


A number of nutritional studies on coprophagy 
have been carried out mainly in rabbits and rats, 
since Morot [1] reported coprophagy in the 
rabbit. Many findings on coprophagy have led 
to the conclusion that coprophagy in rabbits 
has a significance on the absorbtion of nutrients 
such as proteins, B vitamins [2], and ashes [3] in 
the feces. In rats, coprophagy is essential for 
the utilization of B vitamins, vitamin K, and 
essential fatty acids synthesized by the bacteria 
in the large intestine [4]. Coprophagy has also 
been observed in horses [5], Mongolian gerbils [6], 
cottontails [7], beavers [8], common shrews [9], 
and in many other rodents [10], while in mice, 
which are used for a large variety of biological 
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Coprophagous behavior was frequently observed during the time of day when feeding and 
That is, the behavior of coprophagy was not synchronized with that of 


experiments today, there is only one report on 
coprophagy by Takahashi ef a/. [11]. We are 
conducting our course of study on the coprophagy 
of mice from the viewpoint of behavior and 
nutrition. In this paper, we will report on the 
strain differences in coprophagy among the ICR, 
C3H/He and IVCS [12] strains, and sex differences 
in IVCS mice. 


MATERIALS AND METHODS 


Ten- to 12-week-old mice of the ICR strain (12 
males, 9 females) and the C3H/He strain (9 males) 
were used in the present study. Animals were 
kept in a semibarrier-sustained room with an 
ambient temperature of 24+-1°C and a relative 
humidity of 55+5%. The room was ventilated 
12 times per hour with all fresh air and illuminated 
for 14 hr a day (lights on at 0500 and off at 1900). 
Each animal was housed in a polycarbonate cage 
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with a raised wire-mesh floor (width 92 mm x 
depth 205mmxheight 127mm) and _ supplied 
with a pellet diet CA-1 (CLEA Japan, Inc.) and 
water ad libitum. In principle, animals were 
housed in the cage 5 days before observation. 
In all animals, body weight, food and water 
intakes, the number of fecal pellets, and fecal 
weight were measured for 7 successive days 
from 3 days before observation. Feces were 
weighed after drying at room temperature for 
24 hr. In each animal, coprophagy, feeding, and 
drinking behavior were recorded, respectively, 
for an observation period of 24 hr. Observation 
in the dark period of the day was made by using 
an infrared ray-sensitive monitoring apparatus. 
All observations were carried out as quietly as 
possible so as not to interrupt the rhythmicities of 
animal behaviors. 

In order to examine sex differences in the 
frequency of coprophagy in the [VCS strain, 
10-week-old male and female animals were gona- 
dectomized under ether anesthesia and their 
coprophagous behavior was observed for a 24 hr 
period 3 weeks after the operation. Methods for 
observation were the same as above-mentioned. 

Student’s ¢-test was used for statistical analysis 
of the results except for those represented as rate, 
to which the chi-square test was applied. Analysis 
of variance was applied to evaluate the differences 
between diurnal behavioral patterns. 


RESULTS AND DISCUSSION 


I. Frequency of coprophagy 


Frequency of coprophagy per hour in an 
individual animal of each strain is shown in 
Tables 1 and 2, and mean values for 24hr are 
given in Table 3. 

a) Percentage of animals showing coprophagy 
All 12 males (100%) and 9 females (100°) in the 
ICR strain, and 8 males out of 9 (89°) in the 
C3H/He strain showed coprophagy. In the VCS 
strain, 5 males out of 10 (50%), 18 females out of 
20 (90%) displayed coprophagy [11]. The rate 
in the IVCS males was the lowest and statistically 
significant differences were found compared with 
that in IVCS females [11] (P<0.05), ICR males 


(P<0.01), and ICR females (P<0.05), respective- 
ly. 

b) Frequency of coprophagy in an animal Male 
animals in the ICR strain ingested 3-10 fecal 
pellets and the females 2-8. Animals in the 
C3H/He strain ingested O04 pellets, and the 
IVCS males ingested 0-3, the females 0-8 pellets 
[11]. 

c) Mean frequency of coprophagy in each strain 
(Mean -+standard error) The ICR males showed 
the highest frequency of coprophagy, 6.2-+0.6/ 
24hr, and this value was significantly higher © 
compared with that of C3H/He males, 1.7+0.4 
(P<0.001), IVCS males, 1.00.4 (P<0.001), and 
IVCS females 3.3+0.5 (P<0.01) [11]. The ICR 
females exhibited a higher value, 5.3-+0.8, than 
that of IVCS males (P<0.001), IVCS females 
(P<0.05) [11] and C3H/He males (P<0.01). 
What produced the differences in frequency of 
coprophagy among the strains or between the 
sexes in the [VCS strain [11]? Kenagy [10] 
observed many rodents during coprophagy and 
found a difference in the frequency of coprophagy; 
the granivorous kangaroo rat Dipodomys merriami 
rarely ingested feces, but the herbivorous kangaroo 
rat D. microps ingested about 1/4 of the feces 
excreted ina day. He concluded that coprophagy 
was more important in herbivorous species. 
Since the mice used in the present study were of 
the same species, of the same food habit, and 
kept on the same diet, none of these factors was 
considered to be the cause. On the one hand, 
Coates [13] has reported that the presence of a 
gut microflora increases the host’s basic re- 
quirements for some vitamins. That is, con- 
sidering that the feces contain some vitamins, 
coprophagy is beneficial not only to the host 
itself but to the metabolism of bacterial products. 
It is also known that there are strain differences 
in the population of bacteria composing a gut 
microflora [14]. Therefore, it is likely that 
there are strain differences in the quantity of gut 
bacteria, vitamins and metabolites produced by 
the bacteria. The authors, at present, consider 
the most probable cause of strain difference in the 
frequency of coprophagy may be the strain dif- 
ference of the population of gut bacteria and 
the constitution of gut microflora. On the other 
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hand, sex differences in the frequency of 
coprophagy in [VCS mice were examined from the 
viewpoint of sex hormones and the results are 
shown in Table 4. The mean _ frequencies 
+standard error were 3.6+0.6 in the intact 
females, 0.9-+-0.4 in the intact males, but 5.5-+-0.8 
in females, 3.3+0.8 in males 3 weeks after 
gonadectomy. In the males, a_ significant 
difference was found between the two values 


hormones were suspected to be involved in 
coprophagous’ behavior. Of course, further 
studies are necessary to demonstrate this point. 

d) Rate of coprophagy throughout set periods 
in a day The rate (no. of mice displaying 
coprophagy in a pre-set period/no. of mice dis- 
playing coprcphagy in a day) was compared 
among three time periods in a day, the early light 
period (0500-1200), the late light period (1200- 


(P<0.05). Therefore, in the [VCS males, sex 1900), and dark period (1900-0500) in each 
TABLE |. Distribution of the number of fecal pellets ingested by male or female ICR mice at 
different hours of the day 
Male Artificial illumination 
Animal Total 
No. Light Dark Light 
1 ed 2 3 3 10 
2 1 1 2 4 
3 1 2 1 2 1 7 
4 1 Z 3 
5 on 2 5 
6 4 4 1 9 
7 3 1 1 mS) 
8 1 1 3 5 
9 Z 2 2D 1 7 
10 22 2 3 8 
11 1 2 3 6 
12 1 2 1 1 5 
1 | A ec ees 
Time (hr) 1200 1900 2400 0500 1200 6.20.6" 
Female Artificial illumination 
Vaginal” Animal ee Total 
Stage No. Light | Dark | Light 
Proestrus J 3 2 6 
3 3 Pp 8 
Estrus 3 1 2 1 3 7 
Metestrus 
3 1 Lied | es 8 
6 Ca | 2 
; 7 2 ees 7 
9 3 1 4 
] | a tr* 1 & a ae 
Time (hr) 1200 1900 2400 0500 1200 5.30.8" 


a) Value represents mean-+SE. 


b) Stage at the beginning of coprophagy examination. 


upper: male, lower: female 
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TABLE 2. Distribution of the number of fecal pellets ingested by male C3H/He mice at different 
hours of the day 


Artificial illumination 
Animal Total 
No. Light Dark Light 


Oo on ain fh WwW WN 
— 
NO = 
BNF BNE N OW 


| | | 
Time (hr) 1200 1900 2400 0500 1200 1.7+40.4» 


a) Value represents mean-+-SE. 


TABLE 3. Mean number of fecal pellets ingested per day by ICR, C3H/He or IVCS mice 


No. of No. of fecal pellets 


Strain Sex ery, ingested») Statistical evaluations” 

ICR male Vp 6.2+0.6 a ie sees es Px 
female 9 5.3+0.8 f) hho 
Sai Ne de ia i, eam EE te f) e) re 

C3H/He male 9 1.7+0.4 Ba )) f) a) 

IVCS” male 10 1.0+0.4 a he al) 

e 

female 20 3.30.5 


a) Each value represents mean+SE. 


b) Significant differences between 2 groups were estimated by Student’s ¢-test; d) P<0.05, e) P< 
0.01, f ) P<0.001. 


c) Data for the IVCS strain were quoted from Takahashi et al. (Zool. Mag., 92: 397-401, 1983). 


TABLE 4. Mean number of fecal pellets ingested per day by normal or gonadectomized 
female and male IVCS mice 


Group No. of animals p ae é ot anes Statistical evaluations” 
Female 14 3.6+0.6 | 
Male 8 0.9+0.4 — : yy 
Ovariectomized female 6 5.5+0.8 en) 5: c) 
Castrated male 6 3.3+0.8 


SSS CS 


a) Each value represents mean-LSE. 


b) Significant differences between 2 groups were estimated by Student’s f-test; c) P<0.05, 
d) P<0.01, e) P<0.001. 
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Number of animals 


i200 1900 2400 0 
Time (hr) 


ot AS iy eg © 2 


Number of animals 


LE 
iivatne 1900 2400 
Time (hr) 


Swat 1200 


0500 1200 


Fic. 1. Appearance of coprophagous, feeding and drinking behaviors during the day in male 


and female ICR mice. Dotted area, eating of fecal pellet; 


solid line, eating of food; 


broken line, drinking of water. upper: male, lower: female. 
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strain. The ICR males had a significantly higher 
rate in the early light period than that of the 
other two periods (P<0.001), and the females 
also exhibited a significantly higher rate in the 
early light period compared with that of the late 
light (P<0.05) and the dark period (P<0.001). 
The C3H/He males again showed a significantly 
higher rate in the early light period compared 
with that of the late light (P<0.01) and the dark 
period (P<0.001). The results obtained for the 
IVCS strain were the same as those in the other 
two strains; the rate in the early light period was 
the highest (P<0.01~P<0.001) among the three 
periods [11]. This early light period corresponds 
to a period of low activity in mice in all the strains. 
Thus, the tendency for coprophagy to be frequently 
observed in this period of the. day is similar to 
results obtained from rabbits [15], cottontails [7], 
common shrews [9], and kangaroo rats [10]. 


2. Behavioral patterns of coprophagy 


Animals displayed two types of coprophagous 


9 

8 
/ | 
| 
Boonies 7 a 
= 
= 5 oad | 
S I 
S y | 
5 ee hee 
5 | 
Ze J 
2 
l 
it 
a 

2 (0.0 1900 
Time 


behavior; in almost all cases, animals ingested 
feces by taking them directly from their anus, 
and only rarely feces from the wire-mesh floor. 
The animals seemed to be aware of feces ap- 
proaching their anus, and could take a fecal pellet 
coming out of the anus directly into their mouths. 
The animals took the pellet, thereafter, with 
their fore limbs, then usually began to eat it. 
In some cases, the animals abandoned the grasped 
pellet without chewing or after several chewings 
and swallowings. Furthermore, when the feces 
were excreted in succession, only some of the 
pellets were eaten, suggesting that there might be 
a criterion to distinguish the feces to be appro- 
priate for ingestion. As has been described by 
Kenagy [10], sense of smell, taste, and touch are 
considered to be factors, but further studies are 
required to solve this question. 


3. The relationship of coprophagy to feeding and 
drinking 


The rate of animals showing coprophagous, 


2400 
(hr) 


0500 1200 


Fic. 2. Appearance of coprophagous, feeding and drinking behaviors during the day in male 


C3H/He mice. 
line, drinking of water. 


Dotted area, eating of fecal pellet; 


solid line, eating of food; broken 
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feeding, and drinking behaviors is presented 
in Figures 1 and 2. The rate of animals showing 
coprophagy tended to increase in the early light 
period in each strain. On the other hand, the 
feeding and drinking activity in animals of both 
sexes of the ICR strain seemed to be higher 
between 1900 and 0500. These activities tended to 
be higher in the C3H/He strain between 1600 and 
0200, and around the time the lighting was switched 
on and off in the IVCS strain [11]. A statistical 
significance (P<0.01) was observed between the 
diurnal pattern of incidences of feeding and 
drinking using analysis of variance, but not 
between coprophagy and feeding or drinking in 
each strain. This indicates that coprophagous 
behavior is not synchronized with that of feeding 
and drinking. 
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Growth and Breeding Ecology of the Hippolytid 
Shrimp Eualus sinensis (Yu) 
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ABSTRACT — The growth and breeding ecology were examined in a population of shrimp (Eualus 


sinensis) throughout one year. 


The secondary sexual characters of individual young which appeared 
between March and July could be distinguished in November. 
from December to April of the following year, while females grew steadily until February. 
both sexes disappeared from the area under investigation in early July. 


Little growth was observed in males 
Adults of 
There was one breeding 


season from mid-January to early July, and it peaked from late January to late March. Between body 
length (L) and clutch size (N), the regression equation N=9.77L':*°°° (r=0.62) was applicable to the 


population. 


From the condition of the ovary, it was inferred that one female bred more than twice 


during the breeding season, but definite accompanying was not perceived from the population investi- 


gated in the field. 


INTRODUCTION 


Hippolytid shrimps are common mainly at 
inshore biocenoses in seas. Although especially 
abundant among macro-communities of the 
eelgrass or regions where Sargassum is present [1], 
they are also distributed in the tidal zone along 
rocky shoes [2]. There is some information on the 
ecology of shrimps found in these seaweed regions 
[1, 3-5], but very little on the ecology of shrimps 
found in tidal regions. 

Eleven species of the genus Eualus have been 
reported from Japan and its adjacent waters [6]. 
One of these species, E. sinensis (Yu), is usually 
collected together with a palaemonid shrimp, 
Palaemon (Palaemon) serrifer (Stimpson) in the 
tidal zone along the rocky shores in southern Japan 
from Kanagawa Prefecture [7]. Concerning E. 
sinensis, there are taxonomical studies [7, 8] and 
morphological reports on larvae [9]. However, 
with the exception of one report on spawning in 
a rearing experiment [10], the ecology of the species 
has not been studied. 

The present paper describes the growth process 
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of E. sinensis at Chojagasaki, Japan throughout 
one year of investigation and elucidates the 
breeding ecology, including breeding period and 
brood size. 


- MATERIALS AND METHODS 


The investigations were conducted once or twice 
a month during the spring tide along the rocky 
shores of Chojagasaki in the Miura Peninsula 
from November 1971 to September 1972. The 
main tidepool investigated was about 25m’ in 
area, 0.8 m in maximum depth and was located in 
the median tidal zone (Fig. 1). The hippolytid 
shrimps in the tidepool were collected with a hand 
net (0.5mm mesh) as much as possible; a few 
samples were also collected in tidepools around 
the main pool. The samples were preserved in 
10°% formalin sea water. The following items 
were observed and/or measured: body length 
(from posterior margin of eye socket to end of 
telson), egg number (clutch size, counting all eggs), 
egg size (ten eggs removed at random from each 
ovigerous female and lengths and widths were 
measured to nearest 0.01 mm), condition of egg 
development, condition of ovary (observed from 
dorsal side with the naked eye) and sex (presence 
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or absence of appendix masculina). 

Ovigerous females were collected mainly around 
the same sites in April, 1982. In the laboratory 
they were reared until the larvae hatched, and then 
the zoeae were reared with brine shrimp until they 
metamorphosed to young shrimp. 


RESULTS 


Growth 


The hippolytid shrimps collected around the 
study sites consisted of two species, E. sinensis 
and Heptacarpus futilirostris (Bate), and E. sinensis 


Location and outline of main sampling station at Chojagasaki in the Miura Peninsula. 
Checker-pattern indicates stony and rocky shore. 


MLWS: 


accounted for more than 90% of the total through- 
out the year. The number of E. sinensis collected 
is shown in Table 1. 

Figure 2 shows the changes in the frequency 
distributions of body length during one year. In 
March, the frequency distribution was clearly 
divided into small (4-6 mm), medium (11-15 mm) 
and large (17-25 mm) groups. The small group 
was assumed to have been newly added to the 
tidepool; the medium and the large groups were 
inferred to be, respectively, males and females 
added about a year before. 

The mode of newly added groups increased from 
46mm in March to 8-9mm in early June; 
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TABLE 1. Number of Eualus sinensis (Yu) examined from 1971 to 1972 

Date Males scenes Bnd Ovigerous females Total 
1971 
Nov. 14 8 31 0 39 
Dec. 4 7 8 0 15 
Dec. 19 12 13 0 Z 
Dec. 31 10 12 0 22 
1972 
Jan. 16 10 4 2 16 
Jan. 31 23 8 20 51 
Feb. 29 18 1 35 54 
Mar. 30 21 17 45 83 
Apr. 30 6 57 14 77 
June 4 2 268 7 277 
July 1 8 306 2 316 
July 30 0 48 0 48 
Aug. 29 0 31 0 31 
Sep. 24 0 12 0 12 

Total 125 816 125 1066 


from that time to late July the range of body 
length did not increase. Judging from _ these 
observations, it is inferred that the recruitment of 
young shrimp continued from March to July but 
did not occur during and after August. 

The groups added from March to July grew to 
7-11 mm in body length by late August. The 
young grew very rapidly from September to De- 
cember. The frequency distribution of body 
length at November was discerned to be bimodal 
in type. Individuals of more than 9 mm in body 
length with the appendix masculina at the second 
pleopod were observed, making it possible to 
distinguish males from females. FFrom December 
to April in the following year, the range of male 
body length was only 11-17 mm, and the mode was 
only 13-15mm. In females, on the other hand, 
growth was remarkable up to December just as 
for males, but the increases thereafter were few. 

By the next June, fifteen months from re- 
cruitment to the tidepool, both sexes had disap- 
peared from the study sites. 


Breeding Ecology 


The range of body length for ovigerous females 
which appeared for the first time in mid-January 


was 21-23 mm (Fig. 2). The range was 17-24 mm 
in late February, and the mode was 21-22 mm. 
The mode dropped to 19-20 mm in late March, 
and dropped still further to 17-18 mm in late 
April. When compared with the body length 
distribution of the females, it appeared that the 
larger individuals berried first, and the small ones 
berried one after another. 

In samples collected on March 30, 1972, the 
average number of eggs carried was 723 and 
varied from 329 in the smallest ovigerous specimen 
with a body length of 16.0 mm to 1161 in a shrimp 
measuring 24.7mm. Between body length (L) 
and clutch size (N), the regression equation 
N=9.77L'***? (r=0.62) was applicable to the 
population. 

Egg sizes differed with the development phase. 
Ovigerous females were divided into four groups 
according to the state of development of their 
eggs: a, non-segmented blastoderm; 4, early 
segmentation of the body; c, eyes pigmented but 
abdomen not yet free from the head; d, well- 
developed abdomen with little yolk remaining. As 
seen from the relationships between these devel- 
opmental stages and egg diameter (long distance), 
in eggs of early development stages (a and 5), the 
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The dotted and black columns signify the 


immature and mature males, and the ovigerous females, respectively. The other columns signify the 


juveniles, and immature and mature females. 


egg diameters were 0.44-0.60 mm, although in eggs 
of late stages (c and d), diameters were 0.60-0.72 
mm. The shape of the eggs changed from nearly 
spherical to elliptical configuration with egg 
development. 

Table 2 shows the percentages of ovigerous 
females and of each egg-development stage to all 
females of E. sinensis. The period in which 
ovigerous females were observed was from mid- 
January to early July, and the peak of the breeding 
period was from late January to late March, when 


Vertical scale marked in intervals of 10%. 


the rate was more than 70%. In mid-January, 
the ovigerous females carried stage b eggs and in 
late February they carried stage d eggs. From 
this, we can conclude that the larvae of the species 
are certainly released within 6-8 weeks from the 
beginning of the breeding season. However, 
after March, the duration of time eggs are carried 
could not be estimated because of the long interval 
between investigations. 

Because individuals with well-developed ovaries 
were observed in ovigerous females, the develop- 
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ae Percentage of State of egg development* Number of 
ovigerous females a b c d all females 
1972 
Jan. 16 33.3 S363 6 
Jan. 31 71.4 14.3 14.3 42.8 28 
Feb. 29 97.2 30.6 1B gi 333 Pit Mee) 36 
Mar. 30 88.2 1337 23.5 29.4 21.6 51 
Apr. 30 66.7 14.3 28.6 9.5 14.3 21 
June 4 63.7 18.2 9.1 2753 9.1 11 
July 1 15.4 15.4 13 


* Expressed as a percentage of each egg-development stage of ovigerous females to 


all females. 


a, non-segmented blastoderm; 6, early segmentation of the body; 


c, eyes pigmented but abdomen not yet free from the head; d, well-developed 


abdomen with little yolk remaining. 


mental phase of the ovary was also observed. At 
a or b of the egg development stages, the ovary 
was underdeveloped; on the contrary, at c or d, 
the ovary was well-developed, and was observed 
in the carapace and second abdominal somites. 
According to the rearing experiments in the 
present study, the longest period that the eggs were 
carried was 3 weeks and the larval period was 


3-7 weeks at a water temperature range of 13.9- 
29 bs Oe 


DISCUSSION 


The species was misidentified as E. gracilirostris 
(Stimpson) [8], according to Dr. K-I. Hayashi 
(personal communication), and it is certain that the 
E. gracilirostris which have been reported up to the 
present [7, 9, 10] are equivalent to E. sinensis. 

The growth of E. sinensis observed at Cho- 
jagasaki may be summarized as follows. Young 
shrimps recruited between March and July had a 
body length of 4-6 mm and grew to 7-11 mm by 
late August. The shrimps grew rapidly from Sep- 
tember to December. Thereafter, the males 
hardly grew until April, while the females grew 
slightly. Both sexes disappeared from tidepools 
at about fifteen months after recruitment. 

Results at the Misaki shore, Ako [10], showed 
that young shrimps of 5-6mm in body length 
appeared in early June, two or three months later 
than at Chojagasaki. By late September, the 


average body length was 8.3 mm; the difference in 
growth between the two places was about one 
month. Furthermore, there was scarcely any 
difference between the two places from October to 
January. The body lengths of shrimps collected 
at the Misaki shore are, thereafter, larger than at 
Chojagasaki. The appearance of the young 
shrimps was later but the growth rate was larger 
than at Chojagasaki. 

The body length of the smallest new year-class 
was 4.1mm. This specimen corresponded to a 
young stage larva in the rearing experiment. 
According to the observations during the rearing 
experiment, young stage larvae were often observed 
to settle down at the bottom of the glass vessels. 
Judging from the period of time it takes to carry 
eggs and develop larvae, the settled young ap- 
pearing in late March were surmised to be larvae 
hatching from eggs carried at the beginning of 
breeding season. 

There are some studies on the growth of 
hippolytid shrimps. For example, the growth of 
H. pandaloides at Mangoku-ura has a strong re- 
semblance to that of E. sinensis at Chojagasaki 
[3]. On the other hand, H. camtschaticus at 
Melkovodnaya Bay in the Sea of Japan and 
Spirontocaris lilljeborgii off the Isle of Bute, 
Scotland differ from E. sinensis in the growth 
process; in these species, the growth rate decreased 
in winter and increased rapidly from spring to 
summer [5,11]. Generally, there is a period of no 
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molting over the winter months, followed by 
renewed growth from March to November, with 
maximum growth from May to August [12]. As 
previously mentioned, it seems that the growth 
processes are different according to species or 
habitats. 

The body lengths of ovigerous females were 
larger at the beginning of the breeding season, and 
smaller if the breeding season was late. The same 
tendency has also been reported for Palaemon 
macrodactylus at Mangoku-ura [13]. 

Durations of egg and larval development are 
dependent to a great extent upon temperature. 
E. sinensis eggs take approximately seven weeks to 
develop at a 6-7°C water temperature in January 
and February, but only two weeks at 20—24°C in 
June [10]. In the present study, the duration of 
egg development took three weeks at 14-20°C in 
April in the rearing experiment, and 6-8 weeks in 
January and February in the field survey. The 
period from the release of larvae to the young 
stage of the species has been previously reported 
to be 6-7 weeks [9] and 5—6 weeks [10]; in the 
present rearing experiment, it was 3-7 weeks at a 
water temperature range of 14—27°C. 

Although the number of eggs carried differs 
considerably with species [12], the clutch size of 
hippolytid shrimps does not vary so much. S. 
lilljeborgii carries 130-650 eggs [11] and Jd. 
camtchaticus carries 142-568 [5]. __E. sinensis has 
a somewhat larger clutch size than the aforemen- 
tioned species. This may be caused by the fact 
that these two species previously mentioned carry 
eggs in the first and second year of life [5, 11]. 

Takeda [10] reported that one female of E. 
sinensis berried 5 times in one breeding season in 
rearing experiments. The seasonal changes of the 
breeding rates of H. pandaloides reveal two peaks, 
in the winter (November to December) and spring 
season (April to March). Some of the ovigerous 
females of spring berry in winter again [3]. Pan- 
dalina brevirostris is also one of the species ob- 
served to undergo multiple breeding in a field 
survey. In P. brevirostris, maturing ova were 
found in females bearing well-developed eggs; 
they have a long breeding season of nine months. 
Larvae are certainly released within four months 
from the time the eggs are first carried. The 


carapace lengths of the ovigerous females scarcely 
changed for half of the breeding season [14]. 
Pandalus montagui and Pandalus borealis of the 
same family were observed to produce only one 
brood in each breeding season [15, 16]. 

Females of E. sinensis had maturing ovaries 
bearing well-developed eggs. | However, the fact 
that: 1) they had a relatively short breeding season 
of 5.5 months, 2) the period between the carrying of 
eggs to release of larvae was 3-8 weeks (especially 
6-8 weeks in January and February) and 3) the 
body lengths of ovigerous females were diminished 
gradually, suggests that one female cannot berry 
a number of times in one breeding season in nature. 
Judging from the body length distributions of the 
Ovigerous females, it was surmised that the female 
dies after releasing larvae. But whether or not 
one female bred more than twice during one 
breeding season could not be ascertained due to 
long intervals between investigations. 
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Habitat Selection of Two Sibling Species, Drosophila melanogaster 
and D. simulans: A Further Survey in the Bonin Islands 


AKIHIKO H. YAMAMOTO!, YOSHIAKI FUYAMA2, 
and MASAYOSHI WATADA? 


Department of Biology, Tokyo Metropolitan University, 
Fukazawa, Setagaya-ku, Tokyo 158, Japan 


ABSTRACT — A survey of the microdistribution of Drosophila in the Bonin Islands reconfirmed the 
earlier finding that D. melanogaster concentrated inside the building, while its sibling species, D. 
simulans, was abundant outside. A capture, mark, release and recapture study showed the 
unidirectional movement of each species; from outside into the laboratory building for D. melanogaster 
and opposite direction for D. simulans. A comparative study between the laboratory building and 
farmer’s storage sheds indicated the importance of human habitation for the concentration of D. 
melanogaster in man-made constructions. A multiple regression analysis of distribution data showed 
that the abundance of D. melanogaster was closely related with temperature and radiation factors at 
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trapping sites and that of D. simulans was with luminosity. 


INTRODUCTION 


Several authors have reported the differences in 
habitat preferences between D. melanogaster and 
D. simulans {1-3]. D. melanogaster is abundant 
in buildings and D. simulans distributes near 
houses, but not inside. As a result, D. melano- 
gaster has been regarded to be more domestic 
than D. simulans [4, 5], although these two species 
are phylogenically closely related and frequently 
coexist. Therefore, an analysis of the mechanism 
of their habitat selection is of interest. 

McKenzie and Parsons [1] observed that 
D. melanogaster was abundant inside wine 
cellars which D. simulans did not enter. They 
explained this by differences in ethanol tolerance. 
Kawanishi and Watanabe [6] found different light 
preferences, which may have brought about habitat 
differences. More recently, Fuyama and Watada 
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[2] studied the microdistributions of the two 
species in the Bonin Islands, 1,000 km south of 
Tokyo. They confirmed that D. melanogaster was 
abundant in a building while D. simulans was 
more frequent outside. They suggested that the 
distribution of D. simulans was affected by light 
intensity but that of D. melanogaster involved 
some other factors. In order to answer the 
following questions, a second survey in the Bonin 
Islands was attempted. 1. Whether the con- 
centration of D. melanogaster inside buildings is 
due to an active immigration of adult flies, or to 
the breeding sites located inside? 2. What kinds 
of buildings attract D. melanogaster? Is human 
inhabitation necessary? 3. Is there any environ- 
mental factor which correlates with the abundance 
of D. melanogaster? 


MATERIALS AND METHODS 


This study was made in December, 1980, at 
Chichijima, the largest island of the Bonin Islands. 
The surveyed areas were the vicinities of Tokyo 
Metropolitan General Research Laboratory located 
at the margin of a village and of a farmer’s storage 
sheds on Mt. Mikazuki, about 800m _ apart 
from the village. Flies were collected using 
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traps made from 1,000ml milk cartons with 
fermented chopped pineapple as bait, since 
pineapple was found to be equally attractive for 
both D. melanogaster and D. simulans [2). 

Flies were collected on three 
December 19th in the 
This area had been 


Experiment I 
successive days from 
laboratory building area. 
surveyed previously in 1979 [2]. Ten trapping 
sites, A to J, were used (Fig. 1). Traps were 
kept hanging throughout the period and flies were 
collected every morning (8: 00-9: 30) except 
for an afternoon collection on the first day 
(15: 30-16: 00). Luminosity, temperature, rela- 
tive humidity, and radiation at each trapping site 
were measured concurrently with the fly collections. 
As a measure of radiation, the differences in 
temperature reading between a glove thermometer 
and an ordinary one was used (Zt). 

Experiment 2 Flies were collected from 
December 20th to 24th in the Mt. Mikazuki area, 


TABLE 1. 


about 800m from the laboratory. In this area, 
there were two farmer’s storage sheds (designated 
as S and 7), which were surrounded by fields 
and woods of Ficus trees, bananas, and mountain 
oranges. In all, 8 trapping sites were set; three 
were inside the sheds, the others were in the fields. 

Experiment 3 The flies captured in Experi- 
ment 1, after being classified under a light ether- 
ization, were stored in food vials until release. 
On the day of release, 900 and 1,200 flies of 
each sex for D. melanogaster and D. simulans, 
respectively, were divided into three groups of 
1,400. Each group was dusted with one of 
three fluorescent powders (blue, green, or red) so 
as to be able to distinguish their releasing points. 
The marked flies were released on December 
23th at three sites, one indoor site (A) and two 
outdoor sites (LE and #H) and recollected for 5 
days. 


Number of Drosophila melanogaster, D. simulans, and other species collected in the 


vicinity of the laboratory building (A—J) and farmer’s storage sheds at Mt. Mikazuki (S1—-T5) 


Number (°%") of 
D. melanogaster 


Distance from 


Site buildings (m) 


Laboratory building 


A 0 440 (93.0) 
B 0.2 150 (65.8) 
C 0.2 73 (67.6) 
F 0.2 259 (16.7) 
D 1.7 398 (27.2) 
G 5.0 214 (13.4) 
I 12.0 122 (6.5) 
H 7255) 60 (6.9) 
J 15.0 82 (3.3) 
E 18.3 122 (7.8) 
Farmer’s storage sheds 

S1 0 18 (9.6) 
Tl 0 20 (7.9) 
T2 0 30 (13.4) 
S2 0.5 5 (1.0) 
13 1.0 24 (3.2) 
T4 6.0 18 (3.3) 
$3 7.8 6 (1.4) 
TS 12.0 17 (2.3) 


Number of Number of Number of 
D. simulans D. kikkawai D. pectinifera 
33 212 9 
78 51 19 
35 0 0 
1295 217 43 
1067 320 12 
1387 7 16 
1748 67 37 
810 19 21 
2424 85 23 
1449 3 0 
170 0 te) 

233 1 2) 

194 0 3 
500 0 0 
719 0 3 
528 0 2 
436 0 0 
728 0 9 


————————————— a SSS SSS SSS SSS SSS SSS SS 


* Number of D. melanogaster/number of D. melanogaster and D. simulans. 


Habitat Selection of Drosophila 


RESULTS 


Experiment 1 


Most flies collected in the laboratory building 
and surrounding area were either D. melanogaster 
or D. simulans, which accounted for 14.3% and 
77.0% of the total catch, respectively. Of the 
two sibling species caught inside the laboratory 
building, 93° were D. melanogaster (Table 1). 
This proportion decreased to less than 8% at the 
sites more than 5m from buildings. While the 
number of D. melanogaster decreased gradually 
along the distance from the buildings, that of 
D. simulans increased suddenly at the distance of 
0.2m and remained almost constant at more 
distant sites. These observations were almost 
the same as found in 1979 [2]. Two species 
belonging to the montium subgroup, D. kikkawai 
and D. pectinifera, were also frequent in this area. 


267 


D. kikkawai was relatively abundant inside 
the building (A) or adjacent sites (B, F, and D), 
while D. pectinifera was concentrated at those 
outdoor sites as F, H, and J which were shaded 
with woods. 

Table 2 shows the results of multiple regression 
analyses of the abundances of the two sibling 
species on several biological or physical factors. 
The number of D. melanogaster was significantly 
affected by temperature and radiation at trapping 
site, and positively correlated with the number of 
D. kikkawai. On the other hand, the distance 
from the buildings and luminosity were the 
physical factors that affected significantly the 
number of D. simulans. High positive association 
between D. simulans and D. pectinifera was 
observed. The proportion of D. melanogaster 
was highly correlated with two physical factors, 
temperature and radiation. Variables incorpo- 
rated here explained 60-80% of total variances of 


TABLE 2. Miultiple regression analyses‘ of abundances of D. melanogaster and D. simulans in the 


vicinity of the laboratory building 


Dependent variables 


Number of 
D. simulans 


Proportion of 
D. melanogaster 
b F 


Independent variables Number of 

D. melanogaster 

b? F 

Date of collection 0.2225 4.19 
Distance from buildings —0.1838 2.84 
Luminosity Nn. S. _- 
Temperature 0.3057 8.89** 
Relative humidity Nn. S. —- 
Radiation —0.4097 19.17*** 
No. of D. kikkawai 0.7183  41.42*** 
No. of D. pectinifera —0.3425 6.68* 
No. of D. melanogaster n. i. 
No. of D. simulans 0.2993 5.45* 
R* 0.8840 
a 78.1% 


iS: -- 0.3556 he Pe 
0.4844 esp heeahe —0.5272 38.00*** 
0.2447 4.92* n. S. — 
Nn. S. — 0.4864 25.83*** 
nh, —- n. S. — 
n. S. _- —0.4042 21.63*** 
n. Ss. —- ns: 
0.57 21.350" " —0.3512 PAPA ea 
0.3204 7.60** nei: 
ys n. i. 
0.7969 0.8819 
63.5% 717.8% 


' The best regression equation selected by the stepwise method. 


? Standard regression coefficient. 
* Multiple correlation coefficient. 


> Variance resulted from the included variables. 


n. i.: not included. 
n.s.: not different significantly from zero. 
* Partial F-test was significant at P<0.05. 
** Partial F-test was significant at P<0.01. 
*** Partial F-test was significant at P<0.001. 
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the distribution pattern of the two species. 


Experiment 2 


In the vicinity of the two farmer’s storage sheds, 
D. melanogaster was not as abundant as in the 
laboratory area (the lower half of Table 1). D. 
melanogaster was distributed almost equally 
outside and inside the sheds, while the concen- 
tration of D. simulans outside was three times as 
high as inside. On the average, the proportion 
of D. melanogaster to the sum of the two sibling 
species was only 10.2% inside the sheds and 2.3% 
outside. D. melanogaster did not concentrate 
inside the sheds, and many D. simulans invaded the 
sheds. In this area, D. kikkawai and D. pectinifera 
were rare, especially in the subarea S where none 
were collected. 


Experiment 3 


Among 1,800 marked D. melanogaster, 19 were 
recaptured (1.06%) and among 3,600 marked 
D. simulans, 14 were recaptured (0.39%) during 


Direction of migration exhibited by recaptured flies. 
Capturing and recapturing sites are shown. 


D. simulans 


A circle represents a fly recaptured at the 
The sites only used for capture are in paren- 


five days after the release. Also captured during 
this period were 691 unmarked D. melanogaster 
and 4,968 unmarked D. simulans. The number 
of flies recaptured at the releasing sites (non- 
migrant) were 9 out of 19 D. melanogaster (47.4%) 
and 6 out of 14 D. simulans (42.3 %); no significant 
difference in migratory activities between the two 
species was detected. Most of the recaptured non- 
migrant flies were obtained on the day after 
the release, especially at the indoor site A. Almost 
all of the D. melanogaster which migrated were 
recaptured within the building or otherwise at 
sites closer to it than releasing points (Fig. 1). On 
the other hand, none of D. simulans migrated from 
outside into the building, although the reverse 
was frequently observed. No sexual difference in 
migration was detected for either species. The 
population size of the two species was estimated 
from the recapture rate [7] as 65,000 for D. melano- 
gaster and 1,280,000 for D. simulans. 
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DISCUSSION 


In the domestic areas of the Bonin Islands 
studied here, most of drosophilids attracted to 
fermented pineapple belonged to four species, 
D. melanogaster, D. simulans, D. kikkawai, and 
D. pectinifera. The present study showed that 
the two sibling species, D. melanogaster and 
D. simulans had somewhat different micro- 
habitats. In buildings, the proportion of D. 
melanogaster to the sum of the two species was 
80-100°%, which was in accordance with the 
previous studies (or elsewhere) [2, 3]. On the 
other hand, at sites more than Sm from the 
buildings, this proportion was 3-8 %, which differed 
remarkably from those in Tunisia (8-64%) [3] 
and in Australia (2040%) [1]. The predomi- 
nance of D. simulans suggested by the collection 
data and by the estimated population size was 
unique to the Bonin Islands. Drastic difference 
of proportions of D. melanogaster between inside 
and outside the buildings there presented an 
advantage to analyze the factor(s) for the sepa- 
ration of the microhabitats between the two species. 

The capture, mark, release, and recapture 
experiments showed a clear difference in migration 
between the two sibling species. Most of D. 
melanogaster recaptured were those which had 
moved from the outside into the iaboratory 
building or had remained in the building, and 
the movement of reverse direction was not 
observed. In contrast, D. simulans moved mostly 


TABLE 3. 
storage sheds, and the laboratory building 


outward in the opposite direction. This one 
way movement of each species may be explained 
by their tendency to return to their native habitats 
as Observed in D. pseudoobscura and D. persimilis 
[8]. From these results, we may conclude that 
adult behavior plays an important role in de- 
termining the microhabitat difference between D. 
melanogaster and D. simulans. 

Several studies have indicated that man-made 
constructions were crucial for the orientation of 
the movement of the two species. What the 
factor(s) inherent to the man-made structures is, 
however, still in debate. McKenzie and Parsons 
[1] considered that alcohol was the factor of their 
habitat separation. On the other hand, Kawanishi 
and Watanabe [6] and Fuyama and Watada [2] 
reported that light preference might be one of the 
factors. On this point, an interesting fact was 
found in the relationship between the distribution 
of the two species and the degree of human 
habitation. In Table 3, the relative abundances 
of D. melanogaster and D. simulans were compared 
between the inside and outside of three kinds of 
structures, which differed in the degree of human 
utilization. The proportion of D. melanogaster 
inside the structures (column1) was closely 
related with human utilization; 81.6-93.0% in a 
constantly inhabited laboratory building, 10.2% in 
farmer’s sheds, and 8.3% in a half-underground 
concrete shelter which was not being used. On 
the other hand, the proportion outside the 
structures was relatively constant (column 2). 


Distributions of D. melanogaster and D. simulans in the vicinities of a shelter, farmer’s 


Proportion of 
D. melanogaster (%)° 


Man-made construction 


Inside 
Shelter’ 8.3 
Shed? 10.2 
Laboratory (1979)! 81.6 
(1980)? 93.0 


Relative abundance 
(no. inside/no. outside)* 


Outside* D. melanogaster D. simulans 
4.9 1.05 0.601 
2.4 1.66 0.353 
4.5 8.77 0.093 
7.1 3.67 0.021 


* Fuyama and Watada (1981). 
? Present data. 


3 Proportion of D. melanogaster to the sum of the two sibling species. 


* More than the 5 m from man-made structures. 


5 Ratio of numbers of flies collected at indoor site to that at outdoor site. 
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This indicates that the factor(s) inherent to man- 
made structures was not sheltering effect but human 
inhabitation. Moreover, the high proportion of 
D. melanogaster in the laboratory building was 
caused by the changes in the frequency of the 
both species; the abundance of D. melanogaster 
increased (column 3) while that of D. simulans 
decreased (column 4). Thus it is still possible 
that common factor(s) inherent to an inhabited 
house attracts D. melanogaster and repels D. 
simulans. Concerning the uninhabited shelter, 
the relative abundance of D. melanogaster was 
1.05 showing that the shelter did not attract them, 
while it partly repelled D. simulans — its relative 
abundance was 0.601. The low frequency of D. 
simulans inside the shelter may be accounted for by 
its light preference [6]. Thus, the role of human 
constructions should be separable into two factors. 
One (lack of light?) drives D. simulans away and 
does nothing to D. melanogaster. The other 
results from the human inhabitation and attracts 
D. melanogaster while it repels D. simulans. 

The multiple regression analyses suggested two 
possible factors, temperature and _ radiation, 
which may attract D. melanogaster; this species 
was shown to be more abundant at places 
having a lower radiation and higher temper- 
ature. Although no experimental data were 
available for preference of Drosophila to 
radiation, Yamamoto and Ohba [5] showed, using 
a temperature gradient apparatus, that D. melano- 
gaster preferred a slightly but consistently higher 
temperature than D. simulans did, which seems to 
agree with our field data. However, as high 
ambient temperature with low radiation is a 
physical property rather inherent to inhabited 
houses especially in this season, the above results 
can not rule out the possibility that some other 
cryptic factors such as chemical cues play a crucial 
role in an attraction of D. melanogaster. 

The regression analyses also revealed strong 
association of the two sibling species with another 
pair of closely related species, D. kikkawai and 
D. pectinifera; the former species appeared to be 


more domestic than the latter. This suggests that 
the environmental factors similar to those which 
lead to the micro-niche differentiation between 
D. melanogaster and D. simulans may be involved 
in the habitat selection by some other pairs of 
Drosophila species. Further elucidation of these 
factors through field studies as well as laboratory 
experiments seems to be desirable. 
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A Survey on Bat Cestodes from Thailand with 
Descriptions of Six New Species 


ISAMU SAWADA! and MASASHI HARADA2 


‘Biological Laboratory, Nara University of Education, Nara 630, and 
*Laboratory of Experimental Animals, Osaka City University 
Medical School, Osaka 545, Japan 


ABSTRACT — Seven (including six new) species and two unidentified juveniles of the genus 
Vampirolepis (Cestoda: Cyclophyllidea: Hymenolepididae) were obtained from 214 bats composed of 
31 species collected from various parts of Thailand between January 20 and February 19, 1982. 
V. siamensis sp. n. from Hipposideros armiger is related to but differs from V. iwatensis Sawada, 
1975, in larger scolex and rostellar sac, slenderer neck, and medianly situated genital pore. V. 
curvihamata sp. n. from Rhinolophus marshalli differs from V. ogaensis Sawada, 1974, in the absence of 
neck, curved handle of rostellar hooks, triangularly arranged testes, smooth egg surface, and longer 
embryonic hooks. V. versihamatasp.n. from R. affinis differs from V. chritensoni (Macy, 1931) comb. 
n. and V. gertschi (Macy, 1947) comb. n. in the shape of rostellar hooks and triangularly arranged 
testes. V. longicollaris sp. n. from R. coelophyllus differs from V. iriomotensis Sawada, 1983, in the 
shape of rostellar hooks, longer neck, and triangularly arranged testes. V. chiangmaiensis sp. n. from 
R. stheno differs from V. minatoi Sawada, 1983, in more numerous and the shape of rostellar 
hooks, thicker outermost chorion of eggs, and longer embryonic hooks. V. acollaris sp. n. from R. 
coelophyllus differs from V. isensis Sawada, 1966, in the absence of neck, larger suckers, and 
triangularly arranged testes. V. taiwanensis Sawada, 1984, from Miniopterus schreibersii fuliginosus is 
first recorded from Thailand. Two unidentified juvenile Vampirolepis are reported from Hipposideros 
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armiger and Taphozous melanopogon. 


Cestode species parasitizing the bats indigenous 
to Thailand have been unknown up to the present. 
This study was carried out to clarify the cestode 
fauna of bats in Thailand. 


MATERIALS AND METHODS 


In total, 214 bats, composed of 31 species, were 
collected from various parts in Thailand from 
January 20 to February 19, 1982, by the second 
author and examined for cestodes by the first 
author. The detailed localities where the bat 
collections were made are shown on the map 
(Fig. 1). The bats were autopsied immediately 
after capture, and their alimentary canals were 
cut open as soon as possible, fixed in Carnoy’s 
fluid, and brought to Japan. After being soaked 
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in 45% acetic acid about 30 min for expanding, 
the alimentary canals were stored in 70°% alcohol. 
Cestodes were obtained from these alcohol- 
preserved alimentary canals, stained with 
Heidenhain’s hematoxylin, dehydrated in alcohol, 
cleared in xylene, and mounted in Canada balsam. 
Interference contrast light microscope was used 
when sufficient specimens were _ available. 
Measurements are given in millimeters. 


RESULTS 


The bats and cestodes obtained are shown in 
Table 1. The cestodes found were as follows: 
Vampirolepis siamensis sp. n.; V. curvihamata sp. 0.; 
V. versihamata sp. n.;_ V. longicollaris sp. 0.; 
V. chiangmaiensis sp. n.; V. acollaris sp. n.; 
V. taiwanensis Sawada, 1984; juveniles of two 
Vampirolepis species; and unidentified specimens 
without scolex. 
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Fic. 1. A sketch map showing the collecting sites of the bats in Thailand. For the 
locality number, see Table 1. 
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Vampirolepis siamensis sp. 0. 
(Figs. 2-4) 


Of twelve Hipposideros armiger obtained from a 
lime grotto at Amphoe Bang Saphan Yai, 
Prachuap Khiri Khan, on January 26, 1982, one 
was found infected with three specimens of this 
cestode. They were fully mature, but not gravid. 

Description: Small-sized hymenolepidid; 
strobila length 10; maximum width 0.58. Me- 
tamerism distinct, margins serrate. Proglottides 
wider than long. Scolex 0.830 by 0.359, not 
demarcated from neck. Rostellum  pyriform, 
0.166 long by 0.152 wide, armed with a single 


circle of 23 hooks. Hooks measuring 0.0245 long; 
hook handle long; guard bluntly round at its end, 
slightly shorter than blade; blade sharp at its end. 
Rostellar sac elongated, 0.401 long by 0.152 wide, 
extending far posteriorly to suckers. 
discoid, unarmed, 0.111-0.138 by 0.138. 
very slender, 1.3 long by 0.32 wide. 
Genital pores unilateral, situated in middle of 
proglottid margins. Testes three in number, oval 
or spherical, 0.077—0.84 by 0.084—-0.091, arranged 
in form of triangle, one poral and two aporal. 
Cirrus sac pyriform, 0.126—-0.161 long by 0.021 
wide, extending anterolaterally beyond longitudinal 


Suckers 
Neck 


excretory canals. Internal seminal vesicle en- 
N 
© 
oO 


0.2 


Fics. 2-4. Vampirolepis siamensis sp. n. 


2: Scolex. 3: Rostellar hooks. 


4: Mature proglottid. Scales in mm. 
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larging to fill proximal portion of cirrus sac, 
measuring 0.105 by 0.021. External seminal 
vesicle 0.091-0.105 by 0.021, directly dorsal to 
seminal receptacle, situated in anterior half of 
proglottid. Vagina posterior to cirrus sac, passing 
behind cirrus sac, gradually expanding into seminal 
receptacle, measuring 0.049-0.063 by 0.065-0.070. 
Ovary transversely elongated, bilobed in mature 
proglottid, 0.119-0.126 wide. Vitelline gland 
compact, 0.042-0.056 by 0.035, situated near 
midline in space between poral and aporal testes, 
just posterior to ovary. Gravid and senile pro- 


glottides unknown. 

Type host: Hipposideros armiger. 

Site of infection: Small intestine. 

Type locality and date: Amphoe Bang Saphan 
Yai, Prachuap, Khiri Khan; February 26, 1982. 

Type specimen: Holotype: NUE Lab. Coll. 
No. 8406. Paratypes: No. 8407. 

Remarks: The nearest relative of the present 
species is Vampirolepis iwatensis Sawada, 1975 [1] 
from Rhinolophus cornutus cornutus and R. fer- 
rumequinum nippon, in the number and length of the 
rostellar hooks. However, it differs from V. 


0.03 


O. | 


Fics. 5-8. 
6: Rostellar hooks. 


5: Scolex. 


Vampirolepis curvihamata sp. n. 


7: Mature proglottid. 8: Egg. Scales in mm. 
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iwatensis in the larger scolex (0.830 by 0.359 vs. 
0.210-0.245 by 0.224~-0.231), larger rostellar sac 
(0.401 by 0.152 vs. 0.182 by 0.077), slenderer neck 
(1.3 vs. 0.455) and position of the genital pores 
(located at the middle of proglottid margin vs. 
located at a little anterior to the middle). 


Vampirolepis curvihamata sp. n. 
(Figs. 5-8) 

Three specimens of this cestode occurred in the 
small intestine of one Rhinolophus_  marshalli 
caught in a lime grotto at Doi Chang Kieng, 
Chiang Mai, on February 3, 1982. 

Description: | Medium-sized hymenolepidid; 
mature strobila 42-45 long by 0.8-1.1 maximum 
wide. Metamerism distinct, craspedote, margins 
slightly serrate. Scolex somewhat round when the 
rostellum is invaginated, 0.189-0.280 by 0.280- 
0.294, not demarcated from neck. Rostellum 
spherical, 0.056—0.077 by 0.084, armed with a single 
circle of 30 hooks measuring 0.018 long. Hook 
handle long and curved; guard bluntly round at 
its end, shorter than blade; blade sharp at its end. 
Rostellar sac oval, 0.168 by 0.112-0.119, extending 
posteriorly to suckers. Suckers discoid, unarmed, 
0.077-0.084 in diameter. All proglottides wider 
than long. 

Genital pores unilateral, located at a little 
anterior to middle of proglottid margins. Testes 
three in number, spherical, 0.077-0.091 by 0.091-— 
0.105, one poral and two antiporal, arranged 
triangularly. Cirrus sac pyriform, 0.105 by 0.031-— 
0.035, extending beyond longitudinal excretory 
canals. Cirrus aspinose. Internal seminal vesicle, 
0.049 by 0.028, gradually enlarged until filling 
proximal portion of cirrus sac. External seminal 
vesicle oval, 0.077-0.105 by 0.049-0.056. Vagina 
posterior to cirrus sac and external seminal vesicle. 
Seminal receptacle oval, 0.112 by 0.056, situated 
in anterior field of proglottid. Ovary transversely 
elongated, trilobate in anterior half of proglottid. 
Vitelline gland small, trilobate, 0.077—-0.091 by 
0.041-0.063, just posterior to ovary. Uterus 
arising directly from ovarian lobes as a lobe sac, 
gradually enlarging, filling whole available space 
in proglottid. Eggs spherical, 0.042-0.049 by 
0.056, surrounded by thin envelopes, with smooth 
surface. Onchosphere spherical, 0.028-0.032 in 
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diameter; embryonic hooks 0.018 long. 

Type host: Rhinolophus marshalli. 

Site of infection: Small intestine. 

Type locality and date: Doi Chang Kieng, 
Chiang Mai; February 3, 1982. 

Type specimen: Holotype: NUE Lab. Coll. 
No. 8408. Paratypes: No. 8409. 

Remarks: The present new species closely 
resembles V. ogaensis Swada, 1974 [2], from R. 
ferrumequinum nippon in the number and length of 
rostellar hooks. However, it differs from V. 
ogaensis in the size of the neck (absence vs. ex- 
tremely slender), shape of the rostellar hooks 
(hook handle curved vs. straight), the arrangement 
of the testes (triangular distribution vs. transverse 
row), the surface structure of the eggs (smooth vs. 
rough) and longer embryonic hooks (0.018 vs. 
0.014). 


Vampirolepis versihamata sp. n. 
(Figs. 9-12) 

Of two Rhinolophus affinis collected in a lime 
grotto at Doi Chang Kieng, Chiang Mai, on 
February 3, 1982, one was found infected with 
five specimens of this cestode. 

Description: Small-sized hymenolepidid; worm 
length 19-27, maximum width 0.6—-0.8. Scolex 
0.161—0.175 long by 0.196 wide, not distinctly set 
off neck. Neck short. Rostellum 0.112-0.119 
by 0.077-0.084, armed with a single row of 35 
hooks measuring 0.035 long. Hooks characteri- 
stic, hook handle slender; guard round at its end; 
blade remarkably curved and sharp at its end, 
making a right angle with handle. Rostellar sac 
oval, 0.133-0.140 by 0.112-0.119, extending far 
posterior to suckers. Suckers round, 0.063- 
0.084 by 0.084. 

Genital pores unilateral, located a little anterior 
to middle of proglottid margins, not protruding. 
Testes three in number, oval, 0.021 by 0.035, 
arranged in form of triangle. Cirrus sac pyriform, 
0.070-0.077 long by 0.018 wide, extending 
anterolaterally beyond longitudinal 
canals. Internal seminal vesicle 0.032-0.035 by 
0.018, enlarging to fill proximal portion of cirrus 
sac. External seminal vesicle oval, 0.053 by 0.018, 
extending to poral testis and dorsal to seminal 
Vagina opening in genital atrium, 


excretory 


receptacle. 
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Fics. 9-12. 
10: Rostellar hooks. 


9: Scolex. 


extending medial, then enlarging, forming seminal 
receptacle. Seminal receptacle 0.053 by 0.025-— 
0.028, extending medial to midline of proglottid. 
Ovary transversely elongate, 0.098-0.105 wide, 
bilobed in anterior half of proglottid. Vitelline 
gland weakly lobed, 0.025-0.035 by 0.018-0.021, 
situated posterior to ovary. Undeveloped uterus 
consisting of bilateral lobes connected by isthmus, 
gradually enlarging, filling whole proglottid. Eggs 
spherical, 0.053—0.056 in diameter, surrounded by 
thin outer covering, with smooth surface. 
Onchosphere spherical, 0.028-0.032 in diameter; 
embryonic hooks 0.014-0.018 long. 

Type host: Rhinolophus affinis. 

Site of infection: Small intestine. 

Type locality and date: Doi Chang Kieng, 
Chiang Mai; February 3, 1982. 

Type specimen: Holotype: NUE Lab. Coll. 
No. 8410. Paratypes: No. 8411. 

Remarks: V. versihamata sp. n. most closely 
resembles V. christensoni Macy, 1931) comb. n. 
[3] from Myotis lucifugus and V. gertschi (Macy, 


11: Mature proglottid. 


Vampirolepis versihamata sp. n. 


12: Egg. Scales in mm. 


1947) comb. n. 
caurinus. 


[4] from Myotis californicus 
The rostellar hooks of V. versihamata, 
however, are characteristic in shape; the guard 
makes a right angle with handle. V. versihamata 
can also be separated from V. christensoni in the 
longer rostellar hooks (0.039 vs. 0.033) and ar- 
rangement of the testes (triangular distribution vs. 
transverse row). It differs from V. gertschi in the 
longer rostellar hooks (0.039 vs. 0.026—0.029) and 
arrangement of the testes (triangular distribution 
vs. transverse row). 


Vampirolepis longicollaris sp. n. 
(Figs. 13-16) 

From February 6 to 9, 1982, 19 Rhinolophus 
coelophyllus were collected in a lime grotto at 
Chiang Mai. Five of them were found infected 
with 11 specimens of this cestode. 

Description: Small-sized hymenolepidid; 
stroblila in mature specimens 13-17 in total length; 
greatest width 0.6-0.8. Metamerism distinct, 
craspedote, margins slightly serrate. Scolex 0.140- 
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Fics. 13-16. 
14: Rostellar hooks. 


13: Scolex. 


0.245 long by 0.147-0.280 wide, distinctly set off 
from neck measuring 0.63-0.67 long by 0.12-0.15 
wide. Suckers round, 0.063 in diameter. Ros- 
tellum 0.084—0.112 long by 0.084—0.098 wide, armed 
with a single circle of 28 hooks measuring 0.018 
long. Hook handle long; guard bluntly round at 
its end, shorter than blade; blade sharp at its end. 

Genital pores unilateral, located at a little 
posterior to the middle of proglottid margins. 
Testes three in number, spherical or oval, 0.056— 
0.084 by 0.035-0.084, arranged in form of triangle, 
One poral and two aporal. Cirrus sac, pyriform, 
0.077-0.146 by 0.042-0.077, extending ante- 
rolaterally beyond longitudinal excretory canals. 


15: Mature proglotiid. 


14 


Vampirolepis longicollaris sp. n. 


12: Egg. Scales in mm. 


Internal seminal vesicle, gradually enlarging to 
fill proximal portion of cirrus sac measuring 0.056- 
0.077 by 0.028-0.035. External seminal vesicle, 
0.077-0.140 by 0.042-0.098, directly dorsal to 
seminal receptacle, situated in anterior field of 
proglottid. Vagina initially posterior to cirrus sac, 
passing behind cirrus sac, gradually expanding into 
voluminous seminal receptacle measuring 0.084- 
0.094 by 0.042-0.049. Ovary _ transversely 
elongated and bilobed, 0.140—0.203 wide. Vitelline 
gland compact, lobed, 0.049-0.056 by 0.035-—0.039, 
situated near midline in space between poral and 
aporal testes in posterior field of proglottid. 
Uterus arising from ovarian lobes as lobe sac, 
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gradually enlarging, filling entire whole part of 
senile proglottid. Eggs oval, 0.046-0.053 by 
0.035-0.039; outermost chorion thin, with smooth 
surface; embryonic hooks 0.018 long. 

Rhinolophus coelophyllus. 

Small intestine. 

Amphoe Samung, 


Type host: 

Site of infection: 

Type locality and date: 
Chiang Mai; February 6, 1982. 

Type specimen: Holotype: NUE Lab. Coll. 
No. 8412. Paratypes: No. 8413. 

Remarks: V. longicollaris sp. n. most closely 
resembles V. iriomotensis Sawada, 1983 [5] from 
R. imaizumii and R. perdirus in the number and 
length of the rostellar hooks, and form and size of 
the eggs. However, it differs from V. iriomotensis 
in the form of the rostellar hooks (blade remarkably 
sharp at its end vs. blade blunty shape), the longer 
neck (0.63—0.67 long vs. 0.18) and the arrangement 


Fics. 17-20. 
18: Rostellar hooks. 


17: Scolex. 


of the testes (triangular distribution vs. transverse 
row). 


Vampirolepis chiangmaiensis sp. n. 
(Figs. 17-20) 


Of two Rhinolophus stheno collected in a lime 
grotto at Amphoe Samung, Chiang Mai, on 
February 6, 1982, one was found infected with 
three specimens of this cestode. 

Description: Small-sized hymenolepidid; 
strobila 13-16 long by a maximum width of 0.7-0.9. 
Metamerisum distinct, craspedote, margins slightly 
serrate. Scolex 0.147-0.175 long by 0.224— 
0.252 wide, with round suckers measuring 0.070— 
0.077 in diameter. Rostellum well developed, 
0.084-0.126 by 0.077-0.098 and provided with 
a rostellar sac, 0.140 long by 0.105-0.112 wide and 
a crown of 24 hooks 0.012 long. Hook handle 


Vampirolepis chiangmaiensis sp. n. 


19: Mature proglottid. 20: Egg. Scales in mm. 
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long; guard bluntly round at its end, shorter than 
blade; blade pointed at its end. 

Genital pores unilateral, situated at the extremely 
anterior margins of each proglottid. Testes 0.070- 
0.091 by 0.056, with one poral and two aporal in 
position, arranged in form of triangle. External 
seminal vesicle 0.070—-0.077 by 0.028-0.035. __In- 
ternal seminal vesicle, 0.063—0.070 by 0.025-0.035, 
gradually enlarging until filling proximal portion 
of cirrus sac. Cirrus sac, 0.098-0.105 long by 
0.028-0.035 wide, extending beyond longitudinal 
excretory canals. Ovary narrow, not appreciably 
lobed, 0.266—0.277 wide, placed midway between 
longitudinal excretory canals. Vitelline gland 
round, directly posterior to ovary, 0.056—0.070 by 
0.035. Seminal receptacle prominent, 0.091 by 
0.042, retort-shaped in gravid proglottides. Egg 
oval or spherical, 0.049-0.056 by 0.039-0.046, sur- 
rounded by four envelopes; outermost chorion 
slightly thick, with smooth surface. Onchospheres 
spherical, 0.025—-0.028 by 0.025-0.032; embryonic 
hooks 0.018 long. 

Type host: Rhinolophus stheno. 


Site of infection: Small intestine. 

Type locality and date: Amphoe Samung, 
Chiang Mai; February 6, 1982. 

Type specimen: Holotype: NUE Lab. Coll. 
No. 8414. Paratypes: No. 8415. 

Remarks: The present species closely resembles 
V. minatoi Sawada, 1983 [5] from Miniopterus 
schreibersii fuliginosus in the length of rostellar 
hooks. However, it differs from V. minatoi in the 
number of rostellar hooks (14 vs. 20), form of the 
rostellar hooks (blade longer than guard vs. blade 
shorter than guard), thickness of the outermost 
chorion of eggs (slightly thick vs. fairly thick) and 
longer embryonic hooks (0.018 vs. 0.011). 


Vampirolepis acollaris sp. n. 
(Figs. 21-24) 


Of ten Rhinolophus coelophyllus collected in a 
lime grotto at Amphoe Samung, Chiang Mai, on 
February 8, 1982, two were found infected with two 
mature specimens of this cestode. 

Description: Medium-sized hymenolepidid; 
strobila 39-51 in length; maximum width 1.4-1.8. 


Fics. 21-24. 


21: Scolex. 22: Rostellar hooks. 


23: Mature proglottid. 


Vampirolepis acollaris sp. n. 
24: Egg. 


Scales in mm. 
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Scolex small, tetragonal, 0.175—0.224 long by 0.224— 
0.280 wide. Rostellum introverted in both 
specimens, 0.105-0.115 by 0.098-0.105, with a 
single row of 25 small hooks 0.028-0.032 long. 
Handle of hooks long; guard bluntly round at its 
end, shorter than blade; blade sharp at its end. 
Rostellar sac small, 0.126—-0.175 by 0.112-0.119, 
extending to the posterior edge of suckers. 
Suckers round, shallow, 0.105 in diameter. Neck 
absent. Numerous proglottides much broader 
than long. 

Genital pores unilateral, located at a little 
anterior to middle of proglottid margins. Testes 
arranged triangularly, one poral and two aporal, 
0.112-0.054 by 0.091-0.140. Cirrus sac, pyri- 
form, 0.161-0.175 long by 0.049-0.063 in the 
greatest diameter, extending beyond longitudinal 
excretory canals. Cirrus aspinose. Internal 
seminal vesicle 0.084—0.112 long by 0.042-0.063 in 
the greatest diameter, occupying most part of 
cirrus sac. Duct from internal seminal vesicle 
making loop at aporal end of cirrus sac, then 
forming ellipsoidal external seminal vesicle meas- 
uring 0.224-0.245 by 0.049-0.077 and situated 
anterior to poral testis. Seminal receptacle 
globular, 0.175—0.210 in transverse length by 0.126— 
0.133 in the greatest diameter, extending beyond 
midline of proglottid. 

Ovary usually weakly bilobed, 0.350—-0.385 in the 
greatest length. Vitelline gland compact, with 
entire margins, 0.070 by 0.056, situated just 
posterior to ovary. Undeveloped uterus, con- 
sisting of bilateral lobes connected anteriorly 
to each other by isthmus. Uterus filling space 
between longitudinal excretory canals or often 
overlapping canals in gravid proglottides. Eggs 
subspherical, 0.049-0.056 by 0.042-0.049, sur- 
rounded by four envelopes; outermost chorion 
thick and with smooth surface. Onchospheres 
spherical, 0.028-0.032 in diameter; embryonic 
hooks 0.014 long. 

Type host: Rhinolophus coelophyllus. 

Site of infection: Small intestine. 

Type locality and date: Amphoe Samung, 
Chiang Mai; February 8, 1982. 

Type specimen: Holotype: NUE Lab. Coll. 
No. 8416. Paratypes: No. 8417. 


Remarks: The present new species closely 
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resembles V. isensis Sawada, 1966 [6] from R. 
ferrumequinum nippon, R. cornutus cornutus, R. 
cornutus orii, R. perditus and R. imaizumii in the 
form, number and length of the rostellar hooks. 
However, it differs from V. isensis in the size of the 
neck (absence vs. 0.140—-0.175), size of the suckers 
(0.105 in diameter vs. 0.070—-0.088) and arrange- 
ment of the testes (triangular distribution vs. 
transverse row). 


Vampirolepis taiwanensis Sawada, 1984 


Fourteen bent-winged bats, Miniopterus 
schrebersii fuliginosus, were collected at Amphoe 
Samung, Chiang Mai, on February 6 and 9, 1982. 
Five of them harbored 26 specimens of V. tai- 
wanensis [7]. 

Strobila length 26-70; maximum width 0.15-2.1. 
Scolex 0.280-0.346 by 0.428-0.595; rostellum 
0.083-0.140 by 0.097-0.105; armed with a single 
row of 23-28 hooks, 0.021 long. Suckers round, 
0.119-0.153 in diameter. Neck absent. Genital 
pores unilateral, located at a little posterior to 
middle of proglottid margins. Eggs 0.033-0.039 
by 0.037-0.049, surrounded by four envelopes; 
outermost chorion thick, with rough surface. 
Onchosphere spherical 0.025-0.028 by 0.026— 
0.032; embryonic hooks 0.014 long. 


Vampirolepis sp. 1 

Twelve specimens of Hipposideros armiger were 
collected in a lime grotto at Amphoe Bang Saphan 
Yai, Prachuap, Khiri Khan, on January 29, 1982. 
One of them harbored two minute juvenile cestodes 
belonging to the genus Vampirolepis. 

Worm 2.2-2.8 long by 0.34-0.42 wide. Scolex 
0.245-0.259 by 0.336-0.350. Rostellum 0.056 by 
0.070, armed with a single row of hooks 0.018 
long. Rostellar sac 0.210 by 0.084. Suckers 
round, 0.091-0.105 by 0.077-0.084. Neck 0.7 
long by 0.105 wide. Mature and gravid pro- 
glottides unknown. 


Vampirolepis sp. 2 
Fourteen specimens of Taphozous melanopogon 
were collected in a lime grotto at Amphoe Muang, 
Nakhon Sawan, on February 1, 1982. One of 
them harbored two minute juvenile cestodes 
belonging to the genus Vampirolepis. 
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Total length 1.4-1.6 by width 0.6-0.7. Scolex 
0.350-0.364 by 0.315-0.343.  Rostellum pyri- 
form, 0.119 by 0.098, armed with a single row of 
about 50 hooks 0.035 long. Rostellar sac 0.175 
by 0.126. Suckers round, 0.077—0.084 in diameter. 
Proglottides unknown. 
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ABSTRACT — The aphid endosymbiont, when isolated 
and incubated in vitro, is capable of synthesis of more 
than several hundred proteins [1, 2]. In contrast, the 
symbiont in vivo does not synthesize any protein other 
than symbionin which is not produced in vitro by the 
same symbiont [1, 2]. While symbionin produced by 
the endosymbiont of the pea aphid is an acidic protein 
with a molecular weight of 63,000 [2], that by the 
symbiont of the kondo aphid, the closest relative to the 
former, is a distinct, less acidic molecule, although the 
molecular weights are very similar to each other. 


All aphid species except those of Phylloxeridae 
harbor intracellular symbionts in their mycetocytes, 
which is one of the factors responsible for the 
extraordinary fecundity and prosperity of these 
insects [3]. An endosymbiont of the pea aphid, 
Acyrthosiphon pisum, has been characterized 
extensively in terms of nucleic acids and protein 
synthesis [4]. The symbiotic microorganism is a 
prokaryotic cell judging from its selective sensitivity 
to several antibiotics [5]. The isolated endo- 
symbiont, though it never replicates itself in vitro, 
can incorporate precursors of DNA, RNA and 
protein very actively when incubated in Grace’s 
medium [5]. Two-dimensional separation demon- 
strated that the endosymbiont is capable of 
synthesis of, at least, several hundred species of 
protein in vitro [2]. However, this does not mean 
that the same number of protein species are 
synthesized by the endosymbiont harbored by the 
mycetocyte. Rather unexpectedly, the endosym- 
biont in vivo did not substantially synthesize any 
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protein other than one species, symbionin [1, 2]. It 
is likely that most of the proteins other than sym- 
bionin found in the endosymbiont are synthesized 
by the host and transferred there selectively [1]. 
Symbionin is an acidic protein with a molecular 
weight of about 63,000. It has been suggested 
that this endosymbiont-related protein should 
play an important role in embryonic and post- 
embryonic development of the host insect [4, 6, 7]. 
In an effort to further clarify the biological 
function of this protein, protein synthesis in vivo 
by the endosymbiont of another aphid species, 
Acyrthosiphon kondoi, was examined. 


MATERIALS AND METHODS 


The kondo aphids, A. kondoi, used in the present 
experiment were of a strain originally collected in 
Hokkaido, the northernmost island in Japan, 
and grown on young broad bean plants with a short 
day regime with a 12 hr photoperiod. The pea 
aphids, from a long established clone of a strain 
originally collected at Kurashiki, west Japan, were 
maintained as above. A. kondoi and A. pisum at 
15 days after birth were used exclusively. The 
insects were injected with about 0.2 nl of L- 
[°*S]methionine, 13 mCi/ml, and the proteins were 
labeled in vivo for 2hr [1]. The effect of cyclo- 
heximide was examined by injecting 0.2 wl of a 
200 ug/ml aqueous solution (about 10 ng/mg body 
weight) 2hr before injection of the radioactive 
precursor [1]. Two-dimensional gel electrophoresis 
of protein species was performed according to 
the method described by O’Farrell [8]. 
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RESULTS AND DISCUSSION 


Figure 1a shows two-dimensional separation of 
whole body proteins from the pea aphid, A. pisum. 
The spot due to symbionin is indicated by an arrow. 
When the total proteins from the kondo aphid, A. 
kondoi, were separated two-dimensionally, the 
resultant pattern (Fig. 1b) was barely distin- 
guishable from that in Figure la. The only 


pH 


a 


Fic. 1. 
aphid (b). 


notable difference was that the spot of symbionin 
in Figure la is missing from Figure 1b. Instead, 
there was a new, dense spot unique to A. kondoi. 
The protein represented by the new spot was similar 
in size to but apparently less acidic than 
symbionin. 

As has been demonstrated [2], symbionin was 
substantially the only protein species that was 
synthesized in the pea aphid under the influence of 
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Two-dimensional separation of the whole body proteins of the pea aphid (a) and the kondo 
Fifteen day, viviparous, apterous females of the two species were used. Arrows 


indicate the positions of p-symbionin (a) and k-symbionin (b). The dot-encircled area in b denotes 
the position where p-symbionin should be located. 
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Fic. 2. Protein synthesis in the whole body after an injection of cycloheximide [10]. 
indicate the positions of p-symbionin (a) and k-symbionin (b). 
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cycloheximide (Fig. 2a). The result of injection of 
cycloheximide and [**S]methionine into the kondo 
aphid suggested that the intracellular symbiont of 
this insect in vivo also synthesizes almost only one 
protein. However, the protein species was not 
identical with symbionin of A. pisum (Fig. 2b). 
It was evident that this protein is the one that was 
represented by the stained spot unique to A. 
kondoi described above. Thus, for convenience 
this protein of A. kondoi is called ‘“*k-symbionin” 
while symbionin of A. pisum is called “‘p-sym- 
bionin”’. 

Among Acyrthosiphon species, A. pisum and A. 
kondoi are the most alike. They are alike not only 
in appearance but also in their food sources. Both 
feed upon leguminous plants. Such is the re- 
semblance between the two species that one had 
been long taken for a strain of the other [9]. Now, 
it is barely possible to discriminate one from the 
other in terms of the fine structure of caudal setae 
[9]. Therefore, it is no wonder that the two- 
dimensional patterns of the total proteins from 
these two insects are quite alike (Fig. 1). In view 
of these facts it is reasonable to assume that the 
two species branched off from each other recently 
from an evolutionary viewpoint. Notwithstanding 
this, the only protein species synthesized by their 
endosymbionts in vivo are different. It seems 
unlikely that these two closely-interrelated aphids 
took in two distinct prokaryotes as endosymbionts 
independently of each other. It is much more 
likely that an ancestor common to both the two 
species took in an endosymbiotic prokaryote well 
before divergence of the two. As has been pointed 
out [1, 4], symbionin may not be coded for by the 
symbiont’s own genome though this protein is 
certainly synthesized in its translation machinery 
[i]. If this is the case, the difference between p- 
and k-symbionin is ascribed to the _ species- 
specificity of the host’s mRNAs which are pre- 


sumably transferred from the host to the symbiont. 
Alternatively, a presumptive precursor of sym- 
bionin which is synthesized by the endosymbiont 
in vivo may be modified by the host species 
specifically. In any case, it is worth emphasizing 
that the two closely-interrelated aphids exploit 
their endosymbionts to produce species-specific 
protein molecules. Though the data are not 
given, another strain of A. pisum, which was 
originally collected in Hokkaido, was shown to 
contain p-symbionin indistinguishable from that 
in the strain used in the present experiment. 
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Zoological Institute, Faculty of Science, Hiroshima 
University, Hiroshima 730, Japan 


ABSTRACT — The present study was undertaken to 
establish a micro-radioreceptor assay (micro-RRA) 
for FSH receptors, which enabled the reduction of the 
volume of reaction mixture to 40 wl from 200 wl in the 
standard RRA with the same concentrations of re- 
ceptors and radioligands. In the micro-RRA system, 
the precision index (4) was 0.17, and 50% displacement 
of binding of ['*'IJiodo-rat FSH (NIAMDD-rat FSH-— 
I-4) to the FSH receptors was induced by 12 ng of 
competitor/assay tube (competitor: NIH-FSH-P-2). 
In contrast in the standard system, 4 was 0.10 and 50% 
displacement was induced by 55ng of porcine FSH/ 
assay tube. The use of this micro-RRA on the study 
of FSH receptors in the rat testis during sexual matura- 
tion was equally satisfactory as the use of the standard 
RRA. There was no significant difference in the num- 
ber of binding sites calculated from the Scatchard plot 
between the two assay system. The application of the 
micro-RRA for the determination of some properties of 
FSH receptors in the 19.5-day fetal rat testis showed 
that the number of binding sites and Kd were 1.4 fmol/ 
two testes and 0.27nM, respectively. These results 
indicate that the micro-RRA system for FSH receptors 
established here is useful for the measurement of FSH 
receptors available only in minute quantities such as 
the fetal rat testis. 


The initial event of peptide hormone action is the 
binding of the hormone to the specific receptors on 
the plasma membrane of target organs. Since the 
report by Bhalla and Reicher [1] on the radio- 
ligand receptor assay (RRA) using rat testis 
homogenates, the knowledge of testicular receptors 
for follicle stimulating hormone (FSH) has been 
accumulated in mammals [2-5] as well as in 
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nonmammalian vertebrates [6-9]. In addition, 
RRAs have been used for the measurement of 
FSH activity of some materials (i.e., extracts of 
pituitary gland, eluates during purification of 
hormones). RRAs would sometimes afford better 
estimates of hormones than radioimmunoassay in 
terms of biological activity of hormones. In 
spite of these usefulness, RRA of FSH can not be 
applied in some cases, particularly when the 
quantity of the hormone or the receptor is minute. 
Because of this reason, analyses of FSH receptors of 
the testes from a fetus [10] or from small animals 
such as mice [11] have not been very extensive. 

In order to settle the difficulty of broader 
application of RRA, we have attempted to develop 
a RRA for FSH receptors in reduced volume. The 
application of the micro-receptor assay for fetal rat 
testes is also described. 


MATERIALS AND METHODS 


Experimental animals were the Wistar/Tw male 
rats of various ages including fetuses maintained in 
this laboratory. The animals were housed in a 
temperature-controlled room (24 -+0.5°C) under the 
artificial illumination of 12-hr light and 12-hr dark 
cycle (lights on from 0600 to 1800). Laboratory 
chow (CA-1, Japan Clea Inc.) and water were 
available ad libitum. 

Testes were taken out between 1000 and 1100 hr. 
The fetal rat testes were removed from fetuses taken 
out by caeserian section of pregnant females on 
19.5 days of gestation. Preparation of receptor 
samples was the same as described previously 
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[11-14]. The receptor samples were snap frozen 
in dry ice-ethanol, and stored at —80°C until 
assayed. 

Highly purified rat FSH (NIAMDD-rat FSH-— 
I-4) was used for radioiodination, and porcine 
FSH (NIH-FSH-P-2), NIAMDD-rat FSH-I-4 
and NIAMDD-rat LH-I-5 were employed as the 
unlabelled hormone preparations. 

For the assay of FSH receptors, NIAMDD-rat 
FSH-I-4 was radioiodinated with ‘I (Na‘*’l, 
Radiochemical Centre, Amersham) by the lacto- 
peroxidase method [12-14]. The specific radio- 
activity of [‘*']iodo-FSH was about 40 pCi/pg. 
Details of standard assay and micro-assay were as 
follows. 1) Standard assay: Duplicate receptor 
preparations (100 yl of suspension each, equivalent 
to 4 or 5 mg of the original tissue) were incubated 
with ['*'T]iodo-FSH (50 yl, 1 ng) at 37°C for 2 hr 
with or without an excess of unlabelled NIH-— 
FSH-P-2 (50 wl, 20 wg). Final volume of the 
reaction mixture was adjusted to 200 yl. The 
separation of receptor-bound hormone from free 
one was performed by the procedures described in 
the previous papers [11-14]. Nonspecific binding 
was determined in separate samples by the addition 
of an excess of unlabelled porcine FSH. 2) Micro- 
assay: The total volume of reaction mixture was 
reduced to one-fifth of the standard assay, but the 
concentration of receptor and radioligand was 
remained the same as that of the standard assay. 
Twenty yl of receptor preparations (equivalent 
to 0.8 or 1 mg of the original tissue) was incubated 
in duplicate with 10 wi of radioligand (0.2 ng) at 
37°C for 2hr with or without 10 wl unlabelled 
porcine FSH (4 yg). Final volume of the re- 
action mixture was adjusted to 40 wl. 

A Scatchard plot was constructed from the data 
obtained from the saturation binding experiment. 
[***Tiodo-FSH concentrations ranged from 0.25 
to 8.03 ng in the standard assay, and 0.05 ng to 
1.61 ng in the micro-assay. Nonspecific binding 
was assessed in separate samples by the addition of 
a 25,000-fold (by weight) excess amount of porcine 
FSH in either assay. 

Statistics for linearity, parallelism and precision 
were computed according to the methods described 
by Bliss [15]. 


RESULTS AND DISCUSSION 


Micro-RRA and its comparison with standard RRA 


In the micro-RRA, the specific binding increased 
with time of incubation at 37°C, reaching a plateau 
after about 2hr. The specific binding increased 
linearly when increasing amounts of tissue were 
incubated with 0.2 ng of ['*'Tjiodo-FSH within 
the range of less than 1 mg tissue equivalent per 
tube. Incubation of 1 mg tissue equivalent with 
increasing amounts of the radioligand resulted 
in a linear increase of the specific binding upto 
the ligand amount of 0.2ng per tube and 
showed a saturation of the receptors by 1.61 ng 
of ['**I]iodo—-FSH per tube. — 

In order to determine the precision and the 
sensitivity of the micro-RRA, receptor prepa- 
rations (1 mg of tissue equivalent) and [***Tiodo— 
FSH (0.2ng) were incubated with various 
amounts of porcine FSH (NIH-FSH-P-2, 0.06— 
4000 ng/tube). These parameters of assay were 
compared between micro- and standard RRAs. In 
either assay system, NIH-FSH—P-2 showed a clear 
competition with the binding of ['*’Ijiodo-FSH 
(Fig. 1). The slope of linear portion of the 
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Fic. 1. Competition of specific binding of [***Tiodo- 


rat FSH to the particulate fraction of rat testicular 
homogenate by porcine FSH (NIH—FSH-—P-2) at 
different concentrations. Incubation for 2 hr at 
37°C. Micro-RRA (solid line) and standard RRA 
(broken line) systems. Each point depicts the 
mean-+S. E. M. of duplicate determinations. B: 
binding in the presence of porcine FSH. B>: 
binding in the absence of porcine FSH. 
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TABLE 1. Mean slope, its 95° confidence 
intervals and index of precision of linear 


portions of the competition curves 
(NIH-FSH-P-2 as the competitor) 
Assay —b* Y tobe 
Standard 39.9 (34.5-45.4)*** 0.10 
Micro 31.2 (24.1-38.3) 0.17 


* Slope of a linear portion of the inhibition 
curve. 
** Precision index. 
*** 95°% confidence interval. 


inhibition curve of NIH-FSH-P-2 in the micro- 
RRA was principally similar to that of the standard 
RRA as judged by the 95% confidence intervals 
of the slopes (Table 1). The precision index (A) 
of micro- and standard RRAs was 0.17 and 0.10, 
respectively. The fifty percent competition was 
at 305ng/ml in the micro-RRA system and 
276 ng/ml in the standard RRA system (Fig. 1). 
The interassay coefficient of variation was 16.6% 
in the micro-RRA system and 14.6% in the 
standard RRA system. The satisfactory indices 
(A and interassay coefficient variation) indicate 
that the micro-RRA is as useful as the standard 
RRA for the measurement of testicular FSH 
receptors. The sensitivity of the two assay 
system was approximately the same in terms of the 
concentration of the substance (Fig. 1). Since the 
volume of reaction mixture in the micro-RRA is 
reduced to one-fifth of the standard RRA, less 
amounts of samples, radioligand and unlabelled 
FSH are required in the micro-RRA. 

This micro-RRA system was proved to be useful 
for the measurement of the quantitative changes of 
FSH binding during the testicular development. 
In these experiments, 3 or 4 rats were killed at 
various ages. The specific binding of ['*'Iiodo— 
FSH was determined in the incubation conditions 
of receptor and ['*'IJjiodo-FSH concentrations 
falling in a linear function of receptor activity. In 
the micro-RRA, receptor preparations equivalent 
to 0.8 mg of original tissue and 0.2 ng ['*’Tiodo- 
FSH per tube were incubated at 37°C for 2 hr. 
The standard RRA was performed using receptor 
preparations equivalent to 4 mg of original tissue 
and Ing of ['*‘I]jiodo—FSH per tube. In the micro- 


assay system, the specific binding of ['*'liodo—FSH 
per 0.8 mg tissue equivalent was extremely high 
at 10 days of age. Then it drastically dropped 
until 33 days of age. The _ specific binding 
was almost constant between 33 and 96 days of 
age (data not shown). Similar profiles of FSH 
binding during the testicular maturation have been 
reported by several investigators [4, 11-14, 16, 17] 

In order to calculate the affinity and capacity of 
specific binding of FSH, saturation binding 
experiments with various amounts of radio- 
ligand were performed by the two RRA systems. 
Scatchard plots of the specific binding were 
constructed from the data of saturation binding 
experiments. In the standard assay, the Kds 
calculated from the fitted lines of the plots in 
the testes of rats at 25 and 160 days of age 
were 0.087 nM (0.072-0.111 nM, 95°% confidence 
interval) and 0.131 (0.098-0.196) nM, respectively. 
The mean number of binding sites in the testis was 
1.52 (1.43-1.66) fmol/mg fresh tissue at 25 days 
of age and 0.85 (0.77—1.02) fmol/mg fresh tissue 
at 160 days of age. There was a significant 
difference in the number of binding sites per 
unit weight tissue between the two age groups, 
but no significant difference was detected in Kd 
between the two groups. This conclusion was 
also drawn from the results of the micro-RRA 
(Fig. 2). The Kds calculated from the data of 
the micro-RRA were 0.179 (0.130-0.284)nM at 
25 days of age and 0.189 (0.124—0.399) nM at 160 


Bound / Free 


Bound FSH 


Fic. 2. Scatchard plots of the binding of rat FSH to 
the receptor preparations of rats at 25 (solid 
circles) and 160 days (open circles) of age. Micro- 
RRA system. 
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days of age. Capacities in the testes at 25 and 
160 days of age were 1.76 (1.58-2.15) fmol/mg 
fresh tissue and 0.79 (0.67-1.19) fmol/mg fresh 
tissue, respectively. These results indicate that the 
capacity calculated from the data of the micro- 
RRA was identical with that of the standard RRA. 
However, Kd on the basis of the micro-RRA 
tends to be estimated larger. 


Application of the micro-RRA for the study of some 
properties of FSH receptors in fetal rat testes 


In order to examine radioligand specificity of 
FSH receptors in fetal rat testes, competitive 
experiments were performed by the micro-RRA 
using NIAMDD-rat FSH-I4 and NIAMDD-rat 
LH-I-5. Receptor preparations equivalent to 
1 mg of tissue of rats at 19.5 days of gestation and 
0.2ng of ['*I]iodo-FSH were incubated with 
various amounts of competitors at 37°C for 2 hr. 
Small amount (0.1 ng) of NIAMDD-rat FSH-I-4 
inhibited 40% of the binding of ['**Ijiodo—FSH. 
In contrast, NIAMDD-rat LH-I-5 inhibited the 
binding of [**’Ijiodo—FSH only at high concentra- 
tions. About 40% competition was observed at 
140 ng of rat LH. This result indicates that the 
binding of ['*’IJiodo—-FSH to the fetal rat prepara- 
tions was effectively displaced by rat FSH. 

In the next experiment, we applied the micro- 
RRA to calculate the Kd and capacity for rat 
FSH with the fetal rat receptor preparations. 
[***Tiodo-FSH (0.10-1.61 ng) and receptor prepa- 
rations containing | mg of tissue equivalent were 
incubated with or without excess amounts of 
porcine FSH (2.5-40 pg) at 37°C for 2hr. Calcu- 
lated Kd and 95°%% confidence interval of Kd were 
0.27 nM and 0.16 to 0.92 nM, respectively. The 
mean number of binding sites was 0.16 fmol/mg 
fresh tissue, and its 95° confidence interval was 
0.49 to 1.34fmol/mg fresh tissue. Calculated 
total number of binding sites per two testes in 
19.5-day fetuses was 1.4fmol. Warren et al. [10] 
reported that FSH receptors was detectable from 
17.5 days of gestation, and that in 20.5-day fetuses 
the average association constant (Ka) was similar 
to the values measured for neonatal and adult 
rat testes. Their conclusion was similar to ours. 

To the best of our knowledge the analytical 
studies on FSH receptors in the fetal testis have 


not been carried out except by Warren ef al. 
This is due, at least partly, to the small number 
of binding sites per testis during the fetal develop- 
ment. Itis our hope that the difficulty is overcome 
by the application of the micro-RRA under the 
condition of increased concentrations of receptor 
preparation. 
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REVIEW 


Major Plasma Proteins of Bombyx mori 


SHIRO TOMINO 


Department of Biology, Tokyo Metropolitan University, 
Setagaya-ku, Tokyo 158, Japan 


INTRODUCTION 


In contrast to vertebrate blood, insect hemo- 
lymph is not concerned with oxygen transport. 
Hence, only minute fraction of hemolymph com- 
prises several types of hemocytes which function in 
phagocytosis, encapsulation or wound-healing [1, 
2]. Insect plasma, also quite different from verte- 
brate serum, is characterized by high concentra- 
tions of free amino acids, organic acids or treha- 
lose, varying concentrations of inorganic salts and 
occurrence of relatively limited number of major 
protein components [1, 3]. 

Since the pioneering studies by Telfer and Wil- 
liams [4] and Telfer [5] on the female specific 
plasma protein in the silkmoth,Hyalophora cecro- 
pia, several classes of insect plasma proteins were 
isolated in pure form and their molecular prop- 
erties and biological functions have been docu- 
mented. Included among these are lipophorins 
[6-11], vitellogenins [5, 12-15] and storage 
proteins [15-21]. The tissue intimately associ- 
ated with plasma proteins is the fat body. By 
means of isotope incorporation technique, 
Shigematsu [22] first recognized in the silkworm, 
Bombyx mori, that the fat body is the major site of 
the plasma protein biosynthesis in insects. Intro- 
duction of polyacrylamide gel electrophoresis in 
recent decades greatly facilitated, with its high 
resolving power especially under denaturing condi- 
tions, the qualitative as well as the quantitative 
analyses of plasma proteins in a variety of insect 
species and numerous reports have accumulated 
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which describe the compositions and the develop- 
mental patterns of plasma proteins [15]. 

Taken together available information, the dis- 
tinctive features of insect plasma proteins in gener- 
al may be summarized as follows: First, the 
number of protein components in insect hemo- 
lymph varies depending on species and sensitivity 
of analytical methods but only a few proteins 
usually predominate in quantity. Second, major- 
ity, if not exclusive, of plasma proteins are synthe- 
sized in the fat body cells and released into 
hemolymph. Third, both the quantity and the 
quality of plasma proteins change in response to 
the developmental stages. In addition, some clas- 
ses of proteins, for example, vitellogenins [13, 14] 
and the B. mori storage proteins [20] are known to 
exhibit sexual dimorphism in hemolymph. 

Unique properties have led an increasing num- 
ber of investigators to consider that major plasma 
proteins are particularly suited as biochemical 
characters for studying the developmental regula- 
tion of gene expression in insects. In fact, plasma 
protein patterns appear to be strictly correlated 
with the metamorphic developmental stages in the 
holometabolous insects [23]. Accordingly, by ex- 
ploring the regulatory processes of biosynthesis 
and turn-over of major plasma proteins, it would 
be feasible to gain an insight into the molecular 
events underlying the metamorphosis of the fat 
body cells. Being a large Lepidopteran with sound 
background in genetics and physiology, the B. 
mori silkworm offers a favorable opportunity for 


the introduction of biochemical and molecular 


biological approaches to the problem. Sizable 


quantities of hemolymph or fat bodies at a defined 
developmental stage can be obtained with little 
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difficulty. Moreover, recent advancement in tech- 
nology of rearing larvae on the artificial diets has 
made this insect a favorite laboratory animal avail- 
able all the year round. 

It is the purpose of this article to describe our 
present knowledge on the structural properties and 
biosynthesis of major plasma proteins of B. mort in 
reference to those of other insect species and to 
discuss the possible mechanisms of the develop- 
mental and sex-dependent regulation of gene ex- 
pression in the insect fat body. 


MOLECULAR PROPERTIES AND 
DEVELOPMENTAL PATTERNS 


Protein components in a given hemolymph sam- 
ple are most conveniently analyzed by means of gel 
electrophoresis. However, electrophoretic analy- 


ses of whole hemolymph frequently result in com- 
plicated and inconsistent protein partterns. This 
could mostly be brought about by the interfering 
lipids and salts in the hemolymph samples or by 
the non-specific association of protein components 
in the course of sample preparation or elec- 
trophoresis. These difficulties are largely circum- 
vented by employing gel electrophoresis under 
denaturing conditions. Figure 1 presents the de- 
velopmental pattern of the B. mori plasma pro- 
teins analyzed by polyacrylamide gel elec- 
trophoresis in the presence of sodium dodecy]- 
sulfate. Major protein components have been pu- 
rified to homogeneity from hemolymph or from 
the extract of fat body. Molecular properties and 
developmental patterns of these proteins are de- 
scribed below. 
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Developmental change in concentrations of the B. mori plasma proteins. Hemolymph was 


collected from the normal larvae on day-3 of the first instar (I 3),day-3 of the second instar (II 3) 
and day-3 of the third instar (III 3). After the third molt, hemolymph was collected at 24-hr 
intervals. An aliquot of each hemolymph sample from the female (F, Upper panel) and the male 
(M, Lower panel) larvae was electrophoresed and stained for protein. IV0, V0, S0 and PO 
under the electrophoreogram represent the day of the third and the fourth molt, the day of 
spinning and the day of the larval-pupal ecdysis, respectively. VITL-H, SP 1, SP 2, VITL-L and 
30 K indicate vitellogenin heavy chain, SP 1, SP 2, vitellogenin light chain and 30 K proteins, 


respectively. (cited from ref. [24]). 
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Vitellogenin: Vitellogenin is a specific plasma 
protein secreted from the fat body of the sexually 
matured females and is transported from 
hemolymph to the developing oocytes where they 
accumulate as vitellin [13, 14]. Majority of vitel- 
logenins isolated from various insects are high 
molecular glycolipoproteins with native molecular 
weights around 500K Da [14, 15]. In B. mori, 
vitellogenin is detectable in the female hemolymph 
at about a period of the larval-pupal ecdysis [24, 
25]. Unlike the cases in most other insects, howev- 
er, the concentration of vitellogenin in hemolymph 
stays rather low in B. mori, being at most a few 
percent of total plasma proteins. The B. mori 
vitellogenin and vitellin are indistinguishable from 
each other with respect to molecular and immuno- 
logical properties; both are spherical glycolipopro- 
teins with molecular weights 440K Da and native 
molecules are tetramers composed of each two 
molecules of non-identical subunits termed 
“Heavy chain” (Mol. wt. 180K Da) and “Light 
chain” (Mol. wt. 42K Da), respectively [25, 26]. 
Heavy chain, but not light chain, of vitellin is 
covalently associated with carbohydrate side 
chains consisted solely of mannose. Vitellin con- 
tains 7% by weight of lipids including phospho- 
glycerides, triacylglycerols, diacylglycerols and 
cholesterol [26]. Though carbohydrate and lipid 
compositions of the B. mori vitellogenin remain 
undetermined, some differences, either in quantity 
or in quality, in lipid moieties would be expected 
between vitellogenin and vitellin. Indeed, small 
difference in lipid composition has been reported 
between these two proteins of Philosamia cynthia 
(27) and of Locusta migratoria [28]. Recent re- 
ports demonstrated minor difference in antigenic 
property or electrophoretic mobility between vitel- 
logenin and vitellin in some insects [29, 30]. 


Storage proteins: Tojo et al. [20] found the pre- 
sence of two protein components in the protein 
granules isolated from the pupal fat body. These 
proteins were subsequently purified from the ex- 
tract of fat body and designated as SP 1 and SP 2. 
respectively. Both proteins are hexamers with 
molecular weights approximately 500K Da, com- 
posed of each identical subunits. SP 1 is character- 


ized by a high content of methionine (80 mol/1000 
mol), while the amino acid composition of SP 2 is 
quite analogous to those of the Dipterous storage 
proteins [17, 21, 23], being rich in aromatic amino 
acids. Storage proteins are synthesized in large 
quantities in the fat body of the last instar larvae 
and released into hemolymph. At about a period 
of spinning, they are progressively taken up by the 
fat body cells and stored as protein granules [20]. 

Majority of storage proteins so far characterized 
share the following properties in common: First, 
they are usually homohexamers with native 
molecular weights around 500K Da. Second, they 
contain exceptionally high contents (6 to 20%) of 
phenylalanine and tyrosine. Third, they are sec- 
reted in massive quantities from the fat body of 
actively feeding larvae into hemolymph and are 
selectively taken up by the fat body cells at the 
conclusion of feeding period. Because of their 
wide occurrence in insects and high contents of 
aromatic amino acids, Telfer et al. [31] recently 
proposed “Arylphorin” for generic name for this 
type of the insect storage proteins. SP 2 of B. mori 
together with manducin of Manduca sexta [32] and 
arylphorin of H. cecropia obviously bears prop- 
erties as the Lepidopterous arylphorin. Though its 
behavior during development is analogous to that 
of SP2, SP 1 is distinct from arylphorin with re- 
spect to amino acid composition and sex- 
dependency. 


30K proteins: Polyacrylamide gel electrophoresis 
revealed that the most abundant protein compo- 
nents in the late larval and the pupal hemolymph 
migrate as a group to the position corresponding to 
molecular weight approximately 30K Da. These 
plasma proteins are tentatively designated as “30K 
proteins”, since their biological functions are un- 
known [33]. In females, 30K proteins are detect- 
able also in the mature oocytes in large amount 
comparable to that of vitellin. 

Major four components of 30K proteins have 
been purified to homogeneity from the larval 
hemolymph. They have molecular weights 27,500 
to 29,000 Da and display closely related amino acid 
compositions, being rich in aspartic acid/aspar- 
agine and glutamic acid/glutamine with very low 
contents of sulfur-containing amino acids. 30K 
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proteins were initially discovered by Gamo [34] in 
the hemolymph of pharate adult and termed as 
“Low molecular lipoproteins”. However, the re- 
sult of recent chemical analysis of the purified 
components revealed that these proteins lack any 
measurable amount of lipids or carbohydrates 
(Chino, unpublished result). Exact number of 30 
K protein components in hemolymph remains 
uncertain and is probably dependent on the de- 
velopmental stages of insect. Recent study by use 
of two-dimensional gel electrophoresis indicated 
that some 15 protein components comprise 30K 
proteins in the hemolymph of the late fifth instar 
larvae [35]. 

Of particular interest is the change in the 

hemolymph concentration of 30K proteins during 
the metamorphic development. 30K proteins are 
only barely detectable in hemolymph before day-3 
of the last larval instar. Thereafter, their concen- 
tration progressively increases, being maximal at 
the early pupal stage [33]. No differences in the 
developmental pattern of 30K proteins are noticed 
between sexes. 
Lipophorin: Chino et al. [6] purified two species 
of lipoproteins from the pupal hemolymph of P. 
cynthia and designated as DGLP (diacylglycerol- 
carrying lipoprotein)1 and DGLP2. DGLP2 was 
later identified as vitellogenin [36]. DGLP1 has 
ability to convey diacylglycerols from the fat body 
to the tissues of need. Plasma lipoproteins with 
similar function as DGLP1 have since been 
purified from other insect species and it was found 
that they have capacity to accept not only diacyl- 
glycerols but a variety of lipids including 
cholesterol, carotenoids and hydrocarbons [7-9]. 
Hence, a generic term “Lipophorin” has been 
proposed for the insect plasma proteins which 
function in the tansport of lipids between organs 
[10]. 

The P. cynthia lipophorin has a molecular 
weight 600K Da and is composed of two non- 
identical subunits with molecular weights 250K Da 
and 85K Da, respectively [8]. Though the struc- 
tural properties of the B. mori lipophorin are 
unknown, its occurrence in hemolymph has been 
strongly evidenced by the fact that diacylglycerols 
are quickly discharged from the P. cynthia fat body 


when incubated with the B. mori hemolymph. 


BIOSYNTHESIS AND POST- 
TRANSLATIONAL MODIFICATION 


Despite the abundance in literature on the 
structural properties and the developmental pat- 
terns of insect plasma proteins, our knowledge on 
the molecular aspects of their biosynthesis 1s 
rudimentary. For the measurement of the plasma 
protein biosynthesis, immunological determina- 
tion of the rate of protein accumulation in 
hemolymph or assay of isotope incorporation into 
specific proteins using the cultured fat body has 
been most commonly adopted. Although studies 
employing these techniques have provided useful 
information on the effects of cellular environments 
or developmental stages on the synthesis of par- 
ticular proteins, definitive work to elucidate the 
molecular events involved in the developmental 
and the endocrine control of protein synthesis 
further demands molecular biological approach. 
However, this has seldom been achieved, hence 
information on DNA or RNA coding for insect 
plasma proteins is available only in limited insect 
species [37-45]. 

In B. mori, the presence in the fat body of 
mRNAs coding for major plasma proteins has 
been demonstrated by use of in vitro translation 
systems in combination with the immunological 
detection of the translation products [44]. The 
developmental change of mRNA activity in the fat 
body closely reflects that of the hemolymph con- 
centration of plasma proteins, 1. e. mRNAs for 
storage proteins and 30K proteins appear in the fat 
body in a time-dependent sequential fashion dur- 
ing the last larval development. The mRNAs cod- 
ing for the vitellogenin subunits are detectable in 
the fat body of female pupae immediately after the 
larval-pupal ecdysis, when the relative amount of 
poly(A)RNA in the fat body declines to nearly a 
half as much as that in the fat body of the actively 
feeding larvae [44, 45]. 

The mRNAs coding for 30K proteins were 
isolated as a group from the fat body of the 
mid-fifth instar larvae. The 30K protein-mRNAs 
are approximately 1 KB long, being rather small in 
size coding for proteins with about 30K Da 
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molecular weights [46]. Judging from the chroma- 
tographic behavior on oligo (dT)-cellulose, these 
mRNAs are likely to have short poly(A) tails 
as reported for the B. mori chorion protein- 
mRNAs [47]. DNA complementary to the fat 
body poly(A)RNA was synthesized by reverse 
transcription and ligated to the plasmid vector. 
From the cDNA library thus constructed, 23 re- 
combinant plasmids containing DNA sequences 
complementary to the 30K protein-mRNAs have 
been isolated. By comparing sites cleaved by res- 
triction enzymes, the 30K protein-cDNAs are clas- 
sified into at least five groups with respect to 
nucleotide sequence [46]. 

The amount of the 30K protein-mRNAs in the 
fat body was quantitated during the larval develop- 
ment using the cloned cDNA as a hybridization 
probe. As expected, the developmental change in 
the amount of the 30K protein-mRNAs is in 
proportion to that of mRNA activity as determined 
by cell-free translation, indicating that the biosyn- 
thesis of these plasma proteins is developmentally 
regulated at the level of transcription [46]. 

Biosynthesis of secretory proteins involves the 
signal mechanisms for trans-membrane secretion 
of the newly synthesized peptides [48]. Evidence, 
though circumstantial, for such mechanisms in the 
secretion of 30K proteins has been presented by in 
vitro translation of the fat body mRNA in a 
cell-free system supplemented with the EDTA- 
stripped microsomal membrane from the dog pan- 
creas [35]. The 30K proteins synthesized in the 
composite translation system were resistant to the 
subsequent trypsin treatment, indicating the co- 
translational secretion of the products into micro- 
somal vesicles [49]. Furthermore, structural prop- 
erties of the translation products secreted into 
microsomal vesicles are close to those of the 30K 
proteins in hemolymph, being more heter- 
ogeneous in net charge and molecular size than the 
mRNA-encoded 30K proteins produced in a cell- 
free system without membrane fraction [35]. Our 
preliminary experiments are suggesting that the 
heterogeneity of 30K proteins could partly be 
introduced by phosphorylation of the translation 
products. 

Post-translational cleavage of a single primary 
translation product to give subunit peptides has 


been demonstrated in the course of vitellogenin 
synthesis in some insects [50-52]. Unlike these 
cases, two subunits of the B. mori vitellogenin are 
coded for by the separate mRNAs. The primary 
translation product of the heavy chain-mRNA has 
a molecular weight approximately 200K Da, which 
is larger by 20K Da than that of heavy chain in the 
tetrameric vitellogenin. The pulse-labelling ex- 
periment with the cultured fat body provided 
evidence that the 200K Da peptide is a precursor 
of heavy chain and is cleaved post-translationally 
in the fat body cells to yield 180K Da heavy chain 
before being released into hemolymph [45]. 
Whether such mechanisms operate in the synthesis 
of the vitellogenin light chain must await further 
studies. 

Vitellogenin undergoes further modification af- 
ter being transported into ovary. Takahashi [53] 
reported the presence of a high level of protein 
kinase activity in the B. mori ovary. Both heavy 
and light chains of vitellin are effectively phos- 
phorylated either in vivo following injection of 
[*°P]-o-phosphate into female pupae or in vitro by 
incubating the ovarian extract with [Y-’P]-ATP. 
Phosphorylation of vitellin polypeptides has also 
been shown in Drosophila melanogaster [54], L. 
migratoria [55] and Leucophaea maderae [56]. 
Biological implication of vitellin phosphorylation 
in insects remains to be elucidated. 


HORMONAL REGULATION 


From the result of experiments with M. sexta 
[57], it is considered that the concentration of 
juvenile hormone in the B. mori hemolymph is 
maintained above threshold until the end of the 
fourth larval instar but the level abruptly declines 
at the early fifth instar. The hemolymph concen- 
tration of ecdysteroid, on the other hand, stays at 
very low level during the larval development 
(though small and temporal rise of the ecdysteroid 
titer is noted at a period of each larval molt) and 


elevates to maximum at the larval-pupal trans- 
formation [58]. Changes of the hormonal environ- 
ment are characterized by the behavior of specific 


plasma proteins in hemolymph, i. e. at the early 
fifth instar, when the juvenile hormone titer de- 
clines, accumulation of storage proteins followed 
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by that of 30K proteins occurs, whereas the period 
of the larval-pupal transformation is characterized 
by the sequestration of storage proteins from 
hemolymph into the fat body cells. 

Exterpation of corpora allata, the source of 
juvenile hormone, at the onset of the fourth larval 
instar brings about an immediate rise in the 
hemolymph concentrations of storage proteins and 
30K proteins in concomitant with the elevation in 
the fat body of mRNA activity coding for these 
proteins [59, 60]. Injection of methoprene, a juve- 
nile hormone analog, into the allatectomized lar- 
vae blocks the induced synthesis of storage pro- 
teins [59]. These observations suggest that the 
decrease of the juvenile hormone titer below cer- 
tain level provokes the transcription of genes for 
storage proteins and 30K proteins in the fat body. 
It should be noted, however, that there are differ- 
ences in timing and extent of gene activation 
between two systems. In the normal fifth instar 
larvae as well as in the allatectomized fourth instar 
larvae, induction of the storage protein synthesis 
precedes that of the 30K protein synthesis but the 
effect of juvenile hormone disappearance is more 
prominently reflected in the rate of the 30K pro- 
tein synthesis. 

Not only the decline of the juvenile hormone 
titer but the rise in the hemolymph concentration 
of ecdysteroid appears to induce the synthesis of 
30K proteins. This has been shown by the fact 
that the mRNA activity coding for 30K proteins 
rises on day-3 of the last larval instar then progres- 
sively declines, and elevates again to the highest 
level at about a time of spinning, when the 
hemolymph concentration of ecdysteroid sharply 
rises [33]. Also, we have observed that 20- 
hydroxy-ecdysone specifically stimulates the synth- 
esis of 30K proteins in the cultured fat body 
(Izumi, unpublished result). The synthesis of stor- 
age proteins is rather insensitive to the rise of the 
ecdysteroid titer. Instead, the hormone markedly 
stimulates the process of the storage protein up- 
take by the fat body cells [59]. 

Molecular mechanisms of the storage protein 
sequestration into fat body and its hormonal reg- 
ulation have been clearly demonstrated in Sar- 
cophaga peregrina. Ueno and Natori [61] recently 
identified the storage protein receptors in the 


membrane fraction derived from the fat body. In 
the presence of 20-hydroxyecdysone, the inactive 
form of receptor (125K Da protein) is converted to 
the active 120K Da receptor, which mediates the 
process of specific sequestration of storage protein 
into the fat body cells [62]. It would be highly 
conceivable that similar mechanisms operate in the 
course of the storage protein uptake by the B. mori 
fat body. 

Biosynthesis of vitellogenin has been the subject 
of extensive studies on the hormonal regulation of 
protein synthesis in the oviparous vertebrates 
[63-66] and in insects [13, 14]. It has been known 
in many insect species that juvenile hormone 
stimulates vitellogenin synthesis in the sexually 
matured females [13, 14]. On the other hand, 
induction of vitellogenin synthesis by ecdysteroid 
has also been reported in some species [14, 67]. In 
B. mori, no conclusive results have so far been 
obtained on the effects of these insect hormones 
on vitellogenin synthesis. This could be due to the 
complication that vitellogenin synthesis in this 
insect takes place during the larval-pupal ecdysis 
[68]. Role of juvenile hormone as an inducing 
agent of vitellogenesis has been excluded, since 
allatectomy does not prevent egg maturation [60, 
69]. Ono et al. [68] examined the effect of ecdy- 
steroid on the protein synthesis in the cultured fat 
body and found that the hormone markedly stimu- 
lates protein synthesis but the effect 1s not specific 
for vitellogenin synthesis. However, it would be 
overhasty to infer from these results that vitel- 
logenin synthesis in B. mori is out of hormonal 
regulation. Instead, the experiments with the 
allatectomized larvae indicate that the endocrine 
alteration, 1. e. disappearance of juvenile hormone 
followed by the rise of ecdysteroid concentration 
in hemolymph, is a necessary requisite also for the 
activation of the vitellogenin genes. 


SEX-DEPENDENCY 


Vitellogenin is one of the most conspicuous 
biochemical secondary sexual characters in insects. 
In the higher vertebrates, expression of the sec- 
ondary sexual characters is under direct control of 
sex hormones. Thus, administration of estrogen 
provokes the synthesis of female-specific egg pro- 
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teins in males or in the sexually immature females 
of the oviparous vertebrates [64, 70-72]. Like- 
wise, androgen induces male-specific proteins in 
females or in the castrated males [73-75]. The 
rule, however, does not seem to apply to the 
expression of the secondary sexual characters in 
insect. Occurrence of the sex-specific humoral fac- 
tors functioning like the vertebrate sex hormones 
has not yet been demonstrated in insects. Though 
juvenile hormone in some insect species and ecdy- 
steroid in the other play an obvious role in the 
induction of vitellogenin synthesis [13, 14, 67], 
these hormones are common to both sexes. 

The idea that ecdysteroid might elicit reactions 
in the adult Dipterans comparable to that of the 
vertebrate sex hormone has emerged from the 
study with Sarcophaga bullata. Huybrechts and 
DeLoof [76] first reported that vitellogenin synthe- 
sis can be induced very quickly in the adult male 
flies following injection of 20-hydroxyecdysone. 
Ability of ecdysteroid to induce vitellogenin syn- 
thesis in males was subsequently demonstrated in 
other Dipterans [77-79]. In D. melanogaster, 
three polypeptides of vitellogenin, designated as 
YP,, YP> and YP; are synthesized in both the fat 
body and the ovary of adult females [43, 80-82]. 
Injection or feeding of 20-hydroxyecdysone into 
adult males brings about an accumulation of vitel- 
logenin in few hours. However, sex-dependent 
difference in the hormone sensitivity has been 
observed between the male and the female fat 
bodies. The male fat body is unable to synthesize 
vitellogenin when treated with ecdysteroid in vitro, 
whereas the fat body from the mature females 
synthesizes and secretes vitellogenin in vitro in the 
absence of added hormone [78]. Moreover, stu- 
dies by use of the Drosophila flies carrying the 
autosomal sex-transforming mutations have indi- 
cated that the sex determination process is essen- 
tial for the female specificity of vitellogenin synthe- 
sis [78, 83]. 

Induction of vitellogenin synthesis by juvenile 
hormone has been most extensively studied in L. 
migratoria {50, 84]. In this insect, vitellogenin 
synthesis is induced in the fat body of adult females 
by endogenous juvenile hormone or by the topical- 
ly applied juvenile hormone analog [84, 85]. The 
inducing effect of juvenile hormone is normally 
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restricted to adult females [86], although a high 
level of juvenile hormone is present in adult males 
[87]. In the fourth and the fifth instar larvae, 
however, administration of methoprene induces 
This 
implies that the developmentally regulated mecha- 


vitellogenin synthesis in both sexes [86]. 


nisms must be involved in the female specificity of 
vitellogenin synthesis in the adult fat body. The 
expression of vitellogenin in adult females is due to 
the intrinsic characters of the fat body but not to 
the hemolymph milieu, since the larval and the 
adult fat bodies implanted into male larvae synthe- 
size vitellogenin after matamorphosis [86]. 

The sex dependency of vitellogenin synthesis is 
less stringent in the viviparous cockroach, Diplo- 
ptera punctuata. Implantation of corpora allata or 
application of juvenile hormone analog induces 
vitellogenin synthesis in adult males in a dose- 
dependent manner [88, 89]. However, also in this 
case, the male and the female fat bodies respond 
differently to the change in the hormonal environ- 
ment; The amount of vitellogenin synthesized in 
the hormone-treated males is much reduced com- 
pared to that in the females treated in a similar 
manner [89]. 

In B. mori, sexually dimorphic expression of 
plasma proteins appears to be primarily dependent 
on the composition of sex chromosome. Besides 
vitellogenin, storage proteins of B. mori exhibit 
sexual dimorphism in hemolymph. SP 1 occurs in 
the hemolymph of females as well as of males until 
the end of the fourth larval instar. In the last instar 
larvae, however, the amount of SP 1 greatly in- 
creases in females but markedly declines in males 
(20, 24]. The level of the fat body mRNA for SP ] 
reflects the developmental and sex-dependent 
changes in the hemolymph concentration of SP 1 
[24]. 

We have taken advantage of using the sex- 
mosaic mutant of B. mori to elucidate whether 
sex-specific humoral factors, if any, participate in 
the sexually dimorphic expression of SP1 and 
vitellogenin. The B. mori strain MOK 101 carries 
a mutant mo gene on an autosome (Katsuki, 
unpublished result). In the females with homozy- 
gous mo genes, egg maturation process is impared 
such that the first polar body may be retained in 
egg together with pronucleus. The first polar body 
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and pronucleus, each carrying different sex 
chromosome (Z or W), are fertilized by sperms 
which always carry Z chromosome. Consequent- 
ly, two diploid nuclei arise and both syncarions 
divide, giving rise to a gynandromorph [90]. 
Accordingly, the tissues of a sex-mosaic comprise 
two types of cells with respect to sex chromosome 
composition; some cells carry ZZ chromosomes 
(male type) and the other ZW (female type). 
The developmental pattern of plasma proteins in 
the sex-mosaic larvae is indistinguishable from 
those of normal larvae until the end of the fourth 
larval instar. However, the level of SP 1 at the last 
larval instar varies among individuals from the 
level in the normal male to that in the normal 
female. When the fat body cells were dissected 
from several locations of a single larva and cul- 
tured in vitro, some preparations synthesized large 
quantities of SP 1 as in the normal females, while 


Fic. 2. 


Protein synthesis by the fat body cells of the 
sex-mosaic larvae. Fat body of the sex-mosaic lar- 
vae (No. 3 and No. 6) at day-3 of the fifth instar was 
dissected from each of 10 locations (a—j and k-t) and 
incubated with a medium containing [?°S]- 
methionine for 2hr. After incubation, it was 
homogenized and centrifuged. The supernatant was 
electrophoresed and the radioactive peptides were 
detected by fluorography. (cited from ref. [24]). 


the other failed (Fig. 2) [24]. The result clearly 
indicates that each type of cells (female type or 
male type) in a common hemolymph milieu inde- 
pendently expresses its function, ruling out the 
possibility that the sex-specific humoral factors, 
either in quality or in quantity, participate in the 
female specificity of SP 1 expression in the last 
instar larvae. Furthermore, the level of vitel- 
logenin in the hemolymph of the sex-mosaic pupae 
is independent of the gonad composition but is 
strictly correlated with the level of SP1 in the 
larval hemolymph within each individual (Fig. 3). 
The phenomenon strongly suggests that the fat 
body cells which synthesize SP1 during the last 
larval instar synthesize vitellogenin at the larval 
pupal ecdysis and that the female specificity of 
vitellogenin synthesis is also under genetical con- 
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Fic. 3. The relationship between hemolymph levels of 
SP 1 and vitellogenin. Hemolymph was collected 
from each sex-mosaic larva (1-9) 3 days after the 
fourth larval molt (Upper panel) and 3 days after the 
larval-pupal ecdysis (Lower panel). Hemolymph 
samples were electrophoresed and stained for pro- 
tein. Gonad composition of each individual is indi- 
cated under the electrophoreogram; TT, testis 
and testis; TO, testis and ovary; OO, ovary and 
ovary. (cited from ref. [24]). 
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trol independently from the ovarian development 
[24]. 

As reported for vitellogenin synthesis in many 
insects, sex dependent expression of SP1 and 
vitellogenin in B. mori obviously involves the 
endocrine control mechanisms in addition to the 
genetically determined processes. This has been 
indicated by the observation that the sexual 
dimorphism of SP 1 expression is restricted to the 
last instar larvae [24]. Marked stimulation of the 
SP1 synthesis in the female fat body following 
allatectomy of the fourth instar larvae also sup- 
ports the notion [20, 60]. Taking these facts 
together, it would be highly likely that the fat body 
cells carrying W chromosome (female type cells) 
and those without (male type cells) respond dif- 
ferently to the change of the hemolymph milieu at 
the early fifth instar, triggering the elevation in 
females, while suppression in males of the SP 1 
gene transcription. We assume that gene(s) or the 
product(s) coded for by gene(s) on the W chromo- 
some may be the major factor in the regulatory 
processes. 

It would be without controversy that gene(s) 
involved in the sex determination processes, espe- 
cially gene(s) on the sex chromosome, is of prime 
importance in determining the expression of the 
morphological and the biochemical secondary sex- 
ual characters in insects. In fact, iocalization of 
the vitellogenin structural genes on X chromosome 
has been evidenced in D. melanogaster [91, 42] or 
in L. migratoria [38]. Chromosomal sites of genes 
for SP 1 and vitellogenin of B. mori are not known. 
However, expression of SP 1 in the male hemo- 
lymph at the fourth and earlier larval instars 
implies that the SP 1 gene is either on autosome or 
on the Z chromosome. We have recently cloned 
the mRNA sequence coding for SP 1 and isolation 
of SP1 gene is now in progress. Studies of gene 
activity in vitro by use of the reconstituted system 
will provide cue for understanding the sex depen- 
dency of gene expression in B. mori. 


Faithful reflection of the endocrine alteration on 
the fat body function renders the change of the fat 
body competence for protein synthesis a biochemi- 
cally tractable model for studying the molecular 
basis of insect metamorphosis. We have thus far 


studied the regulation of protein synthesis in the 
fat body of the B. mori silkworm and found that 
the biosynthesis of major plasma proteins includ- 
ing storage proteins, 30K proteins and _ vitel- 
logenin, are developmentally regulated at the pre- 
translational level. In addition, experiments with 
the sex mosaics have shown that the female spe- 
cificity of SP 1 and vitellogenin synthesis is geneti- 
cally determined and developmentally regulated 
without participation of any sex-specific humoral 
factors. Further studies to elucidate the molecular 
mechanisms bringing about the time- and sex- 
dependent expression of major plasma proteins in 
B. mori inevitably require knowledge on the 
structural properties of genes and mRNAs coding 
for these proteins together with the identification 
and characterization of cellular factors which may 
regulate the gene activity in response to the meta- 
morphic forces. Studies along this line will 
obviously be facilitated by the availability of the 
cloned mRNA sequences for the B. mori plasma 
proteins. 
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mice because the genetic background of inbred 
INTRODUCTION 


There is no doubt that recent progress in mod- 
ern biology, such as cancer research, immunology, 
and radiation biology, is a result in some part of 
the development of laboratory animal science, 
particularly the establishment of inbred strains of 
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animals is uniform; genetical analyses of biological 
phenomena in animals have thus become possible 
using inbred animals. On the other hand, the 
medaka, a small teleost fish, is an excellent species 
for such biological experiments as embryology, 
endocrinology and genetics because of its relative- 
ly short life-cycle, its reproductive capacity, and 
the ease with which it can be bred in the laboratory 
[1]. This small fish has been used extensively in 
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our laboratory in order to analyze the mechanisms 
of various radiation effects [2-5]. In recent years, 
this fish has also come to be used as an animal for 
the evaluation of the mutagenic and carcinogenic 
properties of chemical agents [6-11]. Many 
mutants of body color or of the morphology of 
bones of this species have been found, and these 
mutant stocks are now bred in some laboratories as 
mass-cultured colonies. Usually such cultivated 
stocks for general biological experiments are 
obtained from dealers. However, the gene con- 
stitutions of the fish of each colony are variable. 
For exact studies of the mutagenicity and carci- 
nogenicity of radiation or chemicals, genetically 
controlled materials should be used. Therefore, 
efforts to make a standard inbred strain of the 
medaka for laboratory use was started in 1974 by 
the senior author; several inbred strains of the 
medaka have since been successfully established 
[12]. 

We believe that these inbred strains are useful 
for various experiments and can contribute to the 
further progress of the general and comparative 
biology of fish. Therefore, in this article, we will 
review the process of the establishment of the 
inbred strains of the medaka and their characteris- 
tics, and then, as an example of the use of the 
strain, we will review the use of the inbred strains 
of the medaka in related studies of radiation 
effects and chemical carcinogenesis. 


I. ESTABLISHMENT OF 
THE INBRED STRAINS 


A. Procedures 


To establish inbred strains of the medaka, sister- 
brother mating of pairs of fish for successive 
generations has been carried out since 1974. In 
this system, one male and one female are selected 
from among the fish born from one pair of parents 
and are mated in each generation. By repeating 
this process, three families (B-1, B-2, and B-3) 
from different single-pair matings were produced 
from the offspring of a wild type of fish, some of 
which had been given to us by Dr. S. Kikuchi from 
the stock of Chiba University. Three other fami- 
lies (O-1, O-4, and O-S) were also produced from 
random single-pair mating from a stock of the 
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orange-red variety kept at the National Institute of 
Radiological Sciences. During the course of the 
breeding, each group of fish was kept in a plastic 
aquarium (17X29x15cm) at about 25°C on a 
16hr light/8hr dark cycle. The adults were fed 
once daily on Tetra-min. Newly hatched fry and 
young were given Daphnia and powdered Tetra- 
min. Under these conditions, the fry developed to 
sexual maturity within 2-3 months, and four to five 
generations could be obtained in one year (Fig. 1). 
During the inbreeding, the reproductive potential 
became reduced or the mortality of fish became 
high in many pedigrees. However, among these, 
two pedigrees, HO4 and HOS, of the orange-red 
variety of Oryzias latipes and three pedigrees, 
HB11, HB12, and HB32, of the wild-type (brown) 
fish were successfully inbred by full sister-brother 
matings for 22 successive generations during a 
period of five years from 1974 to 1979. Three 
substrains, HO4A, HO4B, and HOA4C, were sepa- 
rated from HO4 after 5, 6, and 14 generations and 
then inbred for a further 17, 16, and 8 generations 
respectively. These inbred strains have now been 
inbred by brother-sister matings for more than 33 
generations in the laboratory. In all individuals 
within the same strain, the morphological and 
physiological characters of embryos and adults are 
quite similar. 


B. Tissue transplantation 


1. Demonstration of genetical homogeneity dur- 
ing inbred generations 

It has been reported that, if a part of a fin or a 
scale is transplanted to a different individual of the 
outbred colony, so-called “allograft rejection” 
takes place in Oryzias latipes [13, 14]. In mice, 
though, the transplantation of tissue succeeds be- 
tween different individuals of the same highly 
inbred strains. Therefore, transplantation experi- 
ments were carried out during the course of succes- 
sive generations in which sister-brother matings 
were continued; a changes in the transplantability 
of tissue from one fish to its sibling during the 
progress of the generations were examined by 
means of scale transplantation. Scales with chro- 
matophores taken from the dorsal side of the 
donor were transplanted to the recipient’s ventral, 
non-pigmented region. A quantitative estimate of 
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graft survival was made by counting the number of 
intact pigment cells on the scale grafts. Siblings 
from the 5th to the 14th generation of the HB32 
pedigree from the B-3 family served for the ex- 
aminations of the transplantability (Fig. 2). 

In autografts, 73 to 48 per cent of the mela- 
nophores in the scales at the time of transplanta- 
tion survived in a healthy state for over 30 days. 
Homogeneic grafts (allografts) were, however, 
rejected completely within 6 days at 25°C in 
homotransplants. Melanophores in homogeneic 
grafts were destroyed, and the melanin granules 
were dispersed within a week. On isogeneic scales 
(syngeneic transplants) in the Sth and 6th inbred 
generation, many of the melanophores (50% or 
more) were broken within a week. Only 17 and 
22% respectively of the melanophores trans- 
planted survived until the 30th day. At the 8th or 
more generation, 58-84% of the melanophores, 
the same level as on autografts, survived on 
isogeneic grafts. This finding showed that fish 
strains highly homogeneous in most histocompati- 
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Diagram showing the pedigrees of inbred fish by full-sib mating. 


bility loci were obtained after 8 or more sib- 
matings. At the 20th inbred generation, a high 
homogeneity in most loci was confirmed by trans- 
plantation experiments in five different pedigrees: 
HB11, HB12, HB32, HO4, and HOS [12]. 


2. Genetics of scale transplantation in the in- 
bred fish 

Tissue transplantation between fish of different 
highly inbred strains provides the necessary mate- 
rial for genetic analysis [15]. Experiments with 
scale transplantation among members of two high- 
ly inbred strains of the medaka were carried out. 
Four inbred strains of the medaka, HB1IC, 
HB12C, HB32C, and HO4C, were used. The 
HB11C and HB12C originated from a single pair 
of the wild-type population. They have been in- 
bred by sib-matings for 20 generations or more as 
separate pedigrees. The HB32C was derived from 
a different pair of the same wild-type population 
and was inbred for 25 generations. The HO4C 
originated from a stock of the orange-red variety. 
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Fic.2. A comparison of the survival times of the scale grafts of the fish at different 
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The F, was obtained from a cross: HO4Cx 
HB11C, HB12C x HB11C, and HB11C xX HB32C. 
The F, and backcross (BC) generations were 
obtained in each cross. 

All intrastrain grafts (strain HO4C to HO4C, 
HB11C to HB11C, HB12C to HB12C, and HB32C 
to HB32C), all grafts from either inbred strain to 
F, hosts (for example, strain HO4C or HB1I1C to 
F, of the cross HO4C x HB11C), and all grafts 
among F, hybrids were successful. All interstrain 
grafts and all grafts from F, donors to P hosts 
were, on the other hand, clearly rejected. The 
rate of the rejection of P grafts in the F, and BC 
hosts varied depending the degree of genetic rela- 


tionship between the two inbred strains of the P 
generation (Table 1). The number of histocompa- 
tibility genes involved in determining the fates of 
transplants between 2 inbred strains was estimated 
from the percentages of successful P grafts in the 
hosts of the F, and BC generations, depending 
upon their Mendelian segregation. In the F) gen- 
eration of the HO4C x HB1IC strain, 5 out of 60 
hosts (8.3%) accepted their transplants, and in the 
BC generation, one out of 60 hosts did so (1.7%). 
In the corresponding generations involving the 
HB32C and HB12C strains, the grafts survived in 
10 out of 52 (19%) and in 8 out of the 34 F, hosts 
(21.2%) and in none out of 58 (0%) and in 6 out of 
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Taste 1. Estimated minimum number of histocom- 
patibility loci involved in graft rejection be- 
tween different inbred strains of Oryzias latipes 


Percentage of graft} Number 
survival of loci" 
F, hosts Backcross hosts 
HBIIC x HO4C 8.3 1.7 7 
HBIICXHB32A 19.0 0) S) 
Perit x Hb l2C 21.2 15.8 5 


“ Results obtained from F, generation. 


the 38 BC hosts (15.8%), respectively. Based 
upon the F; results, the HO4C strain appears to 
differ from the HBIIC strain at approximately 
nine, and from the HB32C and HB12C strains, at 
five histocompatibility loci. These experimental 
results are reasonable because of the degree of 
genetic relationship between these inbred strains. 
The HB11C, HB12C, and HB32C strains origi- 
nated from same wild-type population, while the 
HO4C derived from a quite different population. 


3. Suggestion of H—-Y antigenes 

During the scale transplantation, if the scales of 
males were transplanted to females, a failure of the 
transplants to take was often observed in the 
inbred strains of the medaka [12]. This finding 
suggests that histocompatibility genes located on 
the Y chromosome of the male medaka may play a 
role in tissue rejection, as has been reported in 
mice. These results also suggest an immunological 
homogeneity of genes among fish of the same 
inbred strain. 


C. Examination of allozymic variation in the in- 
bred strains 


Allozymic variation was observed in at least 9 
out of 21 loci in the wild populations collected at 
about 70 localities in Japan and the outbreeding 
colonies of this species [16]. On the other hand, 
no variations were detected in any individual with- 
in the same inbred strains. This fact strongly indi- 
cates genetic homogeneity in the inbred strain. 
The details will be published elsewhere. 


D. Laboratory stocks of the inbred strains 


Several different inbred strains of the medaka, 
established on the basis of the original popula- 


tions, the inheritance of body colors, and some 
mutant genes, are now being maintained in our 
laboratory (National Institute of Radiological Sci- 
ences). Below is a list of the stocks available at the 
present time and some of their characteristics. 
Wild type (brown or black) fish 

HB32C (BBRR): Derived from offspring of 
fish given from the stock of Chiba University which 
had been collected near Chiba City around 1970; 
inbred for 33 generations. Substrains HB32A and 
HB32F were separated from HB32C after 4 and 6 
generations respectively and have been inbred for 
28 and 26 generations respectively. 

HB12C (BBRR): Derived from a different 
pair in the same population of HB32C and inbred 
for 34 generations. 

HB11C (BBRR, of): Derived from a pair of 
HB12C, separated from the HB12C after the Ist 
generation, and inbred for 33 generations. Se- 
lected by the egg character [17]. The eggs laid by 
the female mutant are characterized by a peculiar 
oil-globule fusion pattern after fertilization. The 
genetic symbol “of” (“oil globule fuse delay”) has 
been proposed. Recessive and autosomal. 
Orange-red fish 

HO4C (bbRR): Derived from stock of our 
Institute which had been obtained from a dealer in 
Chiba Prefecture; inbred for 35 generations. 

HO4A (bbRR, /If-2): Derived from a pair of 
HO4C, separated from the HO4C after 5 genera- 
tions, and selected by pale body color. Reduced 
xanthophores and leucophores; corresponding 
locus to /f-2 found by Tomita of Nagoya Uni- 
versity. 

HO4B (bbRR): Derived from a pair of HO4C, 
separated from the HO4C after 6 generations, and 
inbred for 28 generations. 

HOS (bbRR): Derived from a different pair in 
the same population of HO4C and inbred for 34 
generations. 

In general, a normal level of hatchability and a 
normal growth rate were observed in the inbred 
strains of the medaka. However, the life span 
(longevity) in the inbred strain HB12 was shorter 
than that in the medaka of the outbred colony [18]. 
Differences in enzyme activity, such as a superox- 
ide dismutase between the inbred strains, were 
also observed. These results suggest the genetic 
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control of fish longevity and the usefulness of the 
inbred strains of the medaka for gerontological 
study. 


Il. RESPONSES TO RADIATION 
OF THE INBRED STRAINS 


A. Effects on lethality of adult fish 


It has been reported that adult fish of the 
HB12C inbred strain of the medaka are more 
sensitive to Y-rays than outbred populations of the 
same species. The lethal effects of radiation were 
compared in terms of the LDs50/39 value; the value 
of the HB12C fish was about 1.5kR, while that of 
the normal orange-red variety was about 2.7kR 
(unpublished data). 


B. Effects on mutation induction 


From the experiments of the dominant lethal 
test with the Y-irradiated male fish, no unmistak- 
able difference in radiosensitivity was observed in 
the induction of dominant lethals or in the produc- 
tion of sterility between the orange-red variety and 
the HB12C strain [19]. This fact, and the differ- 
ence in LD<939 value between the strains, may 
suggest that the factors determining the radiosensi- 
tivity of the critical cells responsible for the acute 
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death of fish and those determining mutation in 
germ cells are different. 


C. Effects on embryos 


1. Effects of UV-irradiation 

The experiment was designed to compare the 
effects of UV-irradiation on embryos of different 
inbred strains. Embryos at the morula stage were 
irradiated with UV, and the mortality and hatch- 
ability of the embryos were examined as criteria 
for biological effects [20]. The photoreactivation 
(PR) of UV damage in cells of the embryos of 
these strains has also been studied, because the 
eggs of the fish are transparent, and so visible light 
can penetrate into the embryonic cells. 

The results in Figure 3 show that: (1) the strain 
most sensitive to UV light was the HO4C, the 50% 
survival dose at the optic-bud-formation stage 
(Stage 19) being 50J/m*, whereas in the HB32C 
(resistant strain), the 50% survival dose was as 
high as 150J/m7, (2) the survival rates in embryos 
of all strains increased upon post-irradiation illu- 
mination with visible light, the photoreactivable 
fraction being from 0.4 to 0.7. Besides, it was 
found that the survival of irradiated embryos, 
when examined at hatching, was lower than that 
examined at Stage 19 in all strains; in this case also, 
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Embryos were irradiated with X-rays at the early morula stage. A: survival at Stage 19, B: hatchability. 


the highest sensitivity to UV of the HO4C embryos 
was clearly demonstrated. However, no close cor- 
relations between UV sensitivity and photoreacti- 
vability were demonstrated among the embryos of 
different inbred strains. 


2. Effects of X-irradiation 

A study of the effects of X-irradiation on early 
embryos of different inbred strains has also been 
carried out [21]. Embryos of two different inbred 
(HO4C and HB32C) and outbred fish (orange-red 
variety) were irradiated with X-rays at the early 
morula stage (at 4.5hr after fertilization at 25°C). 
Dose-dependent decreases in the survival rates at 
Stage 19 and in the hatchability after X-irradiation 
were observed in the embryos of each strain 
(Fig.4). The strain most sensitive to X-rays was 
the HO4C, the 50% hatching dose being 230 rad, 
whereas in the HB32C and the orange-red variety, 
the 50% hatching doses were 340 and 670 rad 
respectively. A higher sensitivity of the inbred- 
strain embryos of the medaka to X-rays was also 
clearly demonstrated. 


In this series of experiments with fish-cell lines, 
we have demonstrated that the DNA strand breaks 
after X-irradiation, and dimer formation in DNA 
play an important role in radiation effects on cells, 
and that the rate of repair of these damages is 
correlated with the radiosensitivity of cells [22, 23]. 
From these facts, it seems probable that the most 
important cause of the difference in response to 
radiation among strains is the difference in the 
enzyme activity responsible for DNA repair. 


Ill. RESPONSE OF THE INBRED STRAINS 
TO CHEMICAL CARCINOGENS 


One of our interests in inbred strains of the 
medaka is the difference in response to chemical 
carcinogens between inbred and outbred strains. 


A. Induction of transplantable melanoma in adult 
fish 


The differences in sensitivity to the chemical 
carcinogen N-methyl-N -nitro-N-nitrosoguanidine 
(MNNG), in terms of the acute toxicity and carci- 
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nogenicity produced, among different inbred 
strains were demonstrated [24]. Adult fish of two 
inbred strains (HO4C and HB32C) were exposed 
for 2 hr to an aqueous solution of MNNG at 
concentrations of from 20 to 100 ppm. The acute 
toxicity and carcinogenicity of MNNG were dif- 
fernt between the inbred strains. Almost no 
tumors were observed in the HO4C strain fish, 
although these fish were sensitive to the acute 
toxicity of MNNG, the median lethal dose being 28 
ppm 48 hr after the treatment. In contrast, in the 
HB32C strain, a dose-related tumorigenic re- 
sponse was observed, with the median lethal dose 
being 38 ppm 48 hr after treatment. Most MNNG- 
induced tumors developed during the period of 
from 3 to 6 months after the treatment; these 
tumors were considered to be amelanotic melano- 
mas on the basis of histologic findings and a 
positive dopa reaction in selected samples. By the 
technique of the transplantation of tumor tissue 
into the eye chamber and the intraperitoneal cavity 
of fish of the syngeneic strain (melanoma tissue 
induced in HB32C fish to the eye of an HB32C 
host), the serial transplantation of the tumor was 
successful. Table 2 shows the results on the serial 
transplantability of fish melanoma into the anterior 
chamber of the eye of syngeneic, allogeneic, and 
xenogeneic strains. Tumor transplantation into 
one of the allogeneic strains (HOS) was also 
successful. The tumors have now been serially 
grown in the eye chambers in syngeneic fish for 
more than 18 generations. 
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B. Effects of MNNG on embryos 


In general, the embryonic stage is thought to be 
the stage of life most sensitive to chemicals or 
mutagens in mammals as well as in fish. MNNG, a 
direct-acting carcinogen, was used in this experi- 
ment because there seems to be no metabolic 
activation system in embryos at the early develop- 
mental stages. Embryos at 2hr, 3, and 7 days after 
fertilization from different inbred strains were 
exposed to MNNG at concentrations of from 1 to 
100 ppm for 2 or 20hr at 25°C. 


1. Mortality and hatchability at early develop- 
mental stages 

The dose-survival and dose-hatchability rela- 
tionship after MNNG treatment is summarized in 
Figure 5, which shows that there were differences 
in mortality and hatchability among the embryos 
of the fish of different strains. A high mortality 
and a marked decrease in hatchability were found 
in the HO4C strain after treatment with a low 
concentration of MNNG (5 to 10 ppm). In the 
HB32C strain, 90% of the embryos treated with 10 
ppm of MNNG survived to Stage 19, even when 
they had been exposed to 40 and SO ppm, and 
hatched. The 50% survival doses of MNNG at 
Stage 19 of the HO4C, HB32C, and outbred fish 
embryos were 12, 25, and 32 ppm respectively. 
Furthermore, the 50% hatchability doses were 
around 5 ppm in the HO4C, 16 ppm in the HB32C, 
and 21 ppm in the outbred embryos. A high 
sensitivity to MNNG of the embryos of the HO4C 


TaBLe 2. Serial transplantability of fish tumors into the anterior chamber of the eye of 
syngeneic, allogeneic, and xenogeneic strains 


Transplanted material Recipients No. of fish No. of takes 
Designation Passage no. transplanted a = 
AA 2 =) HB32C 108 108 0 

4 HOS 4 4 0 

4 HO4C 6 2 4 

9 ae ae 10 4 6 

AB 2-5 HB32C 40 39 1 

=5) HOS 31 Sl 0) 

Lee HO4C g 1 8 

4 Goldfish y 0 9 
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was clearly demonstrated. If we compare the 
slope of the dose-effect relationship curve in the 
inbred-strain embryos with that in the outbred 
embryos shown on Figure 5, we will note that a 
substantial increase in the slope takes place in the 
inbred strains. This finding indicates that the use 
of the inbred strains reduces the variation among 
individual responses to carcinogens. 


2. Differential sensitivity to MNNG at different 
developmental stages 

Table 3 summarizes the hatchability, mortality, 
and number of tumor-bearing fish after a single 
exposure to MNNG at different embryonic stages 
in the HO4C and HB32C strains. In this table, 
only tumors diagnosed from the surface of the 
body were counted. 

From the hatchability data, it is evident that the 
cleavage stage is the most sensitive to MNNG and 
that the HO4C embryos are more sensitive to 
MNNG than are the HB32C embryos. The mor- 
talities of fry were very high in all groups at 1 
month afrer hatching. From 1 to 3 months, the 


mortality rates were low, but thereafter the morta- 
lities of MNNG. 

After a 2-hour treatment with MNNG during 
the cleavage stage, no neoplastic changes were 
produced in the HO4C and HB32C during the 
period of the experiments. In contrast, tumors 
were observed in a number of the HB32C fish 
exposed to MNNG for 20hr at 3 or 7 days after 
fertilization. The 20-hour treatment at 7 days in- 
duced a few tumors in the HO4C fish. 

These findings show that (1) the acute toxicity 
and carcinogenicity of MNNG differ between two 
inbred strains at the embryonic stages and (2) 
tumorigenic sensitivity to MNNG increases with an 
increase in the age of the embryo. 


3. In vivo somatic mutation system in fish 

The inheritance of body color in this species has 
been studied by Ishikawa (1913), Toyama (1916), 
Ishiwara (1917) and Aida (1921) [1]. According to 
Aida, the genotype of the brown (wild type) fish is 
described BBRR, and that of the orange-red, 
bbRR. The alleles, B and b, control the formation 
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Tas_e 3. Acute toxicity and tumor induction by MNNG treatment at different developmental stages in 
different inbred strains of fish 
Strain Stage of _MNNG Hatchability” No. of fish surviving at: ° No. of fish 
treatment with tumor 
ppm (%) 1 day month 3 months 6months | year during | year (%) 
HO4C_ Morula® KOWAL (G5) Os COD) 27 G2) 1 ZS) Ws (3). OO ©) 0) 
MS UNG (EX), FS (UG) YC VL) Y9C9M SC 8) OC YM 0 
5 52/226 (23) 64 (100) S28) Msi 23) e105 oe) One) 0 
Stage 22° Wp BS (7) SoS (UCD) SC hy) SC lh) 2¢ 1) OC - 
MY NERY GA) Wa GOO) 2E 0 2) tel) eC oO — 
Stage 34° O  SANCO ©2Z) iy CCD) Si (oO) As (2445) 1) Clo) 12 Gig) 0 
20 296/336 (88) 284 (100) 80 (28) 79 (28) 57 (20) 5 2) (Cl. 3)) 
40 242/298 (81) 264 (100) 74 (28) 59 (22) 49 (19) 0( 0) 2 (2.7) 
HB32C Morula‘® 0 229/259 (89) 208 (100) 69 (33) 67 (32) 55 (26) 33 (16) 0 
Dyes) NEISYAUIZ (033) WO (CCD) ks GU) Ss CU) es (ID) © ¢ O) 0) 
S IST (So) es CCD) 39 @9) 29 29) 39 (29) 34 (a) 0 
IO Pao (77) 8S (UCD) 2 (3) 29 (3) Zs Oil) W7 (9) 0 
sy Hiss (40) SOO) 243) 207) Is Zs) OCD) 0 
Stage 22° 20 484/521 (93) 440 (100) 96 (22) 94 (21) 70 (16) 15 ( 3) 0 
40 336/413 (81) 272 (100) 50 (18) 49 (18) 32 (12) 14 ( 5) 0 
80 140/174 (81) 114 (100) 18 (16) 16 (14) 3( 3) O( 0) 3 (17) 
Stage 34° 0 192/198 (97) 192 (100) 84 (44) 77 (40) 59 (31) 42 (22) 0 
AQ 2A (OZ) 2S (CCD) WD (2). 7,2) oF 27) 8 C3) 4 (5.1) 
AL) srl) (QO) sts CIO) WSs (Or) Was) 33 (2s) 2 (( i) 8 (10) 
80 182/204 (89) 144 (100) 4(3) 1(1) 0(0) — = 


Embryos at the morula stage were treated with MNNG for 2 hr. Embryos at Stage 22 and 34 were treated 


with MNNG for 20 hr. 
“ No. of fry hatched/no. of embryos treated. 


° Numbers in parentheses are percentages of survivors. 


“ Two hours after fertilization at 25. 


“ Three days after fertilization at 25°C (lens formation stage). 
~ Seven days after fertilization at 25°C (the last embryonic stage). 


of melanin in melanophores. The dominant gene, 
B, permits full melanin formation in melano- 
phores. In the orange-red (bbRR) variety, mela- 
nin deposition is so scanty that the melanophores 
are almost colorless in adults. If somatic mutation 
from b to B in this allele occurs in the mela- 
nophore-precursor cells of the embryos, a color 
change from orange-red to mosaic brown is de- 
tected in the adult fish. The mosaic pattern is 
expressed as a clone of a somatic mutation in the 
precursor cell. Table 4 shows the incidence of the 
somatic mutation in the melanophore-precursor 
cells of the embryos treated with MNNG. These 
results show that the somatic mutation-detection 
system in the orange-red medaka is useful for the 
screening of chemical mutagens, as was proved in 


TaBLe 4. Incidence of somatic mutation in Orizias 
latipes after embryonic exposure to MNNG 


Stages at treatment 


(Time after fertilization) Incidence* _ (%) 
2 hours 0/51 (05) 
3 days 21 92°" 2) 
7 days (G0) 


4 No. of fish with somatic mutation/no. of survivors. 
>’ Two events of somatic mutation in one fish. 


the mouse using a coat-color mutation [25]. 
Moreover, the in vivo somatic mutation requires 
the treatment of embryos during organogenesis. 
The mutation from b to B in the orange-red variety 
might be a reverse mutation, because this variety 
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of the medaka was discovered as a mutant from a 
wild population. Russell [25] mentioned that re- 
verse somatic mutation systems can potentially 
avoid certain of the pitfalls of forward-mutation 
systems. 

The difference among different strains in re- 
sponse to carcinogens is also ascribable to some 
difference in the enzyme system which is control- 
led by genes. At any rate, as test animals for 
environmental carcinogens, the special inbred 
strains of this fish are useful. 


CONCLUSION 


In this article, the establishment of the inbred 
strains of the medaka and some examples of the 
usefulness of the inbred medaka in studies of 
radiation effects and chemical carcinogenesis have 
been reviewed. 

The medaka is small in size, is easy to breed in 
the laboratory, having a relatively short life-cycle, 
and a high reproductive potential, and the fish’s 
genetical characteristics can be controlled under 
laboratory conditions. Different inbred strains of 
the fish, each with different characteristics, have 
been established and are available for various 
laboratory uses. One of the most valuable conclu- 
sions to be drawn here is that inbred strains of the 
medaka offer many potential advantages as test 
animals for the detection of mutagenic, carci- 
nogenic, and teratogenic agents in water. 

The genetic uniformity of the inbred strains 
eliminates genetic variability as a source of ex- 
perimental error; this should give a better compa- 
rability of data between experiments and investiga- 
tors. The use of the inbred strains of the medaka 
should be promoted strongly in various fields of 
biomedical research because of this minimized 
variability. The use of the inbred strains, fur- 
thermore, overcomes immunological problems in 
tissue transplantation and advances the further 
analytical research required on tumorigenesis, 
embryology, and genetics in fish. 

Each inbred strain has its own inherent advan- 
tages and disadvantages depending on the nature 
of the problems studied. For instance, for toxicity 
assays the HO4C strain is recommended because 
embryos of this strain are extremely sensitive to 


chemical agents such as MNNG and to radiation. 
Adult fish of the HO4C strain are also sentitive to 
MNNG. In carcinogenicity testing, however, such 
immoderate sensitivity to the lethal effects of 
agents becomes a disadvantage. Many carci- 
nogens also have general toxicants, often produc- 
ing tissue damage rather than neoplasms. Because 
tumor induction follows a postexposure latency, it 
is necessary for the fish to live through the general 
toxic effects of the carcinogen. Therefore, the 
HB32C strain is recommended as a carcinogenicity 
test animal because this strain is relatively resistant 
to acute lethal effects and because pigment-cell 
tumors are easily induced after a single treatment 
with MNNG. Using hybridization and the back- 
cross of members of different inbred strains of the 
medaka with different sensitivities to carci- 
nogens, further comparative studies of oncogenes 
can be expected. 

The usefulness of the embryos as a model for 
carcinogenesis in rainbow trout was stressed by 
Hendricks [26]. In the inbred strain of the medaka 
(HB32C), the induction of pigment-cell tumors 
(melanomas) was observed in both adult and 
embryonic treatment with MNNG. In adults, 
melanomas were induced 3 to 6 months later, 
whereas following a short period of treatment at 
the embryonic stage, the tumors were produced in 
adult fish 6 to 10 months later. During long-term 
experiments, a high mortality before the first 
tumor formation becomes a disadvantage. Ex- 
perimental carcinogenesis studies in animals re- 
quire much time and laboratory space and are 
rather expensive. The inbred strains of the meda- 
ka seem to offer economic advantages as labora- 
tory animals for cancer research [27]. 

In mutagenicity testing, a dominant lethal test of 
Y-irradiated males and an in vivo somatic mutation 
system in pigment-precursor cells in the medaka 
have been proposed in this article, but additional 
data are required to recommend the most suitable 
inbred strain for use in genetical effect testing. 
Recently we have succeeded in establishing meda- 
ka cultured-cell strains. Using cultured-cell lines 
derived from each inbred strain, we will be able to 
obtain much information in the future. 
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Mechanisms Controlling Motile Responses of Amelanotic 
Melanophores in the Medaka, Oryzias latipes 
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ABSTRACT— Using light-colored varieties of the medaka, Oryzias latipes, we have studied the 
mechanisms by which the aggregation and dispersion of premelanosomes within amelanotic mel- 
anophores are controlled. An alpha-adrenergic agonist (norepinephrine), melatonin, melanin- 
concentrating hormone (MCH), and K ions gave rise to the aggregation of the cellular inclusions, while 
a beta-agonist (isoxsuprine), adenosine, alpha-melanophore-stimulating hormone (alpha-MSH) and 
atropine were effective in dispersing them. Acetylcholine was without effects. Pharmacological analy- 
ses on the mode of action of these agents indicate that, like other usual motile chromatophores, the 
amelanotic melanophores are motile, and further that they are regulated in the same way as the 
chromatophores of common teleosts, comprizing the melanophores of the wild-type specimens of the 
present species, Oryzias latipes. Implication of the presence of the sound but purposeless controlling 
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system for those colorless chromatophores was discussed. 


INTRODUCTION 


Hishida er al. [1] first demonstrated that the 
so-called “colorless” or “amelanotic” melano- 
phores are present in the skin of lightly colored 
varieties of the medaka, Oryzias latipes. Later, 
Oikawa [2] showed that, like most colored chro- 
matophores, these cells are motile, namely, the 
cellular inclusions can migrate centripetally into 
the perikarya or centrifugally into the dendritic 
processes in response to epinephrine or to atro- 
pine, respectively. 

As for the regulatory mechanisms for colored 
pigment cells of vertebrates, much information has 
accumulated up to the present time, especially on 
those for the melanophores of teleosts [3, 4]: The 
melanophores are primarily controlled by the sym- 
pathetic system through the liberation of the 
neurotransmitter, norepinephrine, which acts to 
aggregate the pigmentary inclusions, the melano- 
somes [5, 6]. In addition, the cellular movements 
are influenced humorally by a pineal principle, 
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melatonin [5, 7], and further by pituitary ones, 
i.e., melanophore-stimulating hormone (MSH) [3, 
8] and possibly melanin-concentrating hormone 
(MCH) [9-11]. 

Until recently, other sorts of motile chroma- 
tophores, i.e., xanthophores, erythrophores and 
leucophores, have also become known to be simi- 
larly controlled by the sympathetics and/or the 
endocrines [3, 4, 12-15]. No trials, however, have 
ever been made to clarify the mechanisms by 
which the motility of the amelanotic melanophores 
are controlled. In the present study, therefore, we 
have tried to elucidate the problem. 


MATERIALS AND METHODS 


Two varieties of the medaka, Oryzias latipes, 
i.e., orange-red (bR) and white (br), of both sexes 
were used as the experimental materials. The 
adult specimens of the former variety were 
obtained from a commercial source, while those of 
the latter were given by Dr. S. Kikuchi of the 
Chiba University. 

Scales on the dorsal trunk were isolated in a 
physiological saline solution, which had the follow- 
ing composition (mM): NaCl 128, KCI 2.7, CaCl, 
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1.8, MgCl 1.8, D-glucose 5.6, Tris-HCI buffer 5.0 
(pH 7.2). The perfusing system employed for 
observing and measuring the responses of pigment 
cells were essentially the same as that described 
elsewhere [16]. 

No darkly pigmented cells were found in the 
integumental tissues in either variety used. In- 
stead, amelanotic melanophores were observable 
by carefully surveying the granular feature of their 
cellular inclusions, the premelanosomes, even 
through the ordinary light microscope. That those 
cells were indeed amelanotic melanophores was 
ascertained by the method described elsewhere 
[2]. 

The aggregation into the perikarya of these 
organelles caused clearing of peripheral parts of 
the cells. Thus, the photoelectric method for re- 
cording chromatophore responses could be applied 
upon condition that a proper photosensor and 
appropriate electronic devices were employed 
[17]. In the present study, a photomultiplier tube 
(931A, Hamamatsu Photonics, Hamamatsu) was 
adopted as the transducer. By restricting the area 
of the skin to be measured of the light transmit- 
tance to be 150 um in diameter, the response of a 
single amelanotic melanophore could usually be 
assessed. Care was taken in selecting the cell, 
around which no chromatophores of other sorts, 
i.e., leucophores and xanthophores, were present, 
especially when we used the scales of the orange- 
red variety, in order not to pick up the motile 
activities of xanthophores. The motile responses 
were registered on a paper-chart recorder (EPR- 
10B, or EPR-221A, Toa Electronics, Tokyo). 

Distribution of the premelanosomes in live cells 
could be observed more clearly by employing the 
Nomarski differential interference optics of trans- 
mission type. In some experiments, therefore, the 
motile responses of amelanotic melanophores 
were observed and photographed with an Olympus 
(Tokyo) BHA-LB-N microscope. 

Electrical nervous stimulation was done by put- 
ting the skin preparation in the A.C. (50 Hz) field 
[18]. In order to stimulate chemically the nervous 
elements around the chromatophores, an elevated 
K* concentration was used [19, 20]. For this 
purpose, the saline containing 50mM K* was 
used, in which the concentration of Na* was 
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compensatorily decreased to keep the tonicity of 
the solution constant. 

In experiments in which the effects of chromato- 
some-dispersing agents were studied, we employed 
the scales taken from the fish which had been 
reared in reserpine (3X10 °M; Nakarai Chemi- 
cals, Kyoto) solution made up in tap water for 
12—24hr [21]. 

Other drugs used in the present study included: 
norepinephrine hydrochloride (Sankyo, Tokyo), 
isoxsuprine hydrochloride (Daiichi Seiyaku, 
Tokyo), acetylcholine chloride (Daiichi Seiyaku), 
melatonin (Nakarai Chemicals), phentolamine 
mesylate (Ciba-Geigy, Basel), propranolol hydro- 
chloride (ICI, St. Louis), adenosine (Kohjin, 
Tokyo) and synthetic alpha-melanophore-stimu- 
lating hormone (alpha-MSH, Sigma Chemical, St. 
Louis). Synthetic chum salmon melanin- 
concentrating hormone (MCH) was the gift from 
Dr. M.E. Hadley of the University of Arizona, 
which was synthesized by Dr. B. C. Wilkes [10], 
Department of Chemistry of the same University. 

All measurements were performed at a room 
temperature between 17 and 25°C. 


RESULTS 


Carefully observing the dermal tissue in the 
scale, we could find amelanotic melanophores 
even through the ordinary light microscope. By 
employing the Nomarski optics, however, those 
cells were more clearly observable, and the motile 
responses to norepinephrine of a few chromato- 
phore species including those amelanotic cells are 
demonstrated in Figure 1. The series of photo- 
micrographs clearly indicate that in the amelanotic 
melanophores the premelanosomes migrated from 
the dendritic processes into the perikaryon just in 
the same manner as the melanosomes within the 
melanophore of many common teleost species, 
and further that the configuration of these cells 
resembled well that of the melanophores of the 
wild-type specimens of Oryzias. 

A.C. field stimulation and K*-rich saline, both 
being known to stimulate the chromatic nervous 
elements to liberate the neurotransmitter [5, 6, 19, 
20], induced the aggregation of premelanosomes 
within the amelanotic melanophores. In the left 
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Fic. 1. 


Sequence of photomicrographs showing motile responses of chromatophores in the dermis of 


the medaka, Oryzias latipes. Nomarski optics was employed. In this field, two amelanotic 
melanophores (AM), two xanthophores (X) and a leucophore (L) are included. Among them, an 
amelanotic melanophore and a leucophore in the lower right part lie one upon another. a: 
Equilibrated in physiological saline. Premelanosomes in the amelanotic melanophores were in a 
dispersed state. b: 75 sec after the application of 5x10~°M norepinephrine. Premelanosomes 
were on the way to aggregation. c: After 120 sec. Premelanosomes were maximally aggregated 


into the perikaryon. x 180. 


part of Figure 2, the neurally evoked response to 
an elevated K~ concentration (50mM) is exhib- 
ited. Further, norepinephrine of moderate 
strengths gave rise to a complete aggregation of 
the cellular inclusions. The action of these chro- 
matosome-aggregating agents could easily be 
antagonized by the alpha adrenolytics, i.e., phen- 
tolamine and phenoxybenzamine. The inhibitory 
effect of phentolamine on the K~ action is typical- 
ly shown in Figure 2. On the other hand, acetyl- 
choline, which is known to induce strongly the 
pigment aggregation in melanophores of some 
teleosts [22, 23], lacked the effect. It is therefore 
evident that the peripheral nerve-fibers controlling 
chromatosome aggregation in the amelanotic 
melanophores are quite orthodoxly adrenergic. 
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bd ; 
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Fic. 2. Typical photoelectric recording showing the re- 


sponses of an Oryzias amelanotic melanophore to 
K~. melatonin (MT) and norepinephrine (NE). 
The effect of an alpha adrenolytic agent, phentol- 
amine (PA), on the K~ action is also exhibited in 
the central part of the figure. 


Although not shown in the figure, melanin- 
concentrating hormone (MCH) was very effective 
in aggregating the premelanosomes within these 
cells. On the other hand, the premelanosome- 
aggregating action of melatonin was rather differ- 
ent from that of norepinephrine or of MCH. That 
is, the action was rather weak (cf. Fig. 2), and the 
effect was quite differential among the effector 
cells [7]. 

By making use of their moderate pigment- 
aggregating action, tolazoline and melatonin have 
been conveniently employed in the studies, in 
which various substances were tested for their 
possible melanosome-dispersing action [8, 21]. In 
the present materials, however, the former failed 
to induce the premelanosome aggregation within 
the cells, while the latter had only a weak action as 
stated above. So, the scales excised from the fish 
previously treated with reserpine was employed 
for this purpose [21]. It was clearly shown that a 
beta adrenergic agonist, isoxsuprine, was effective 
in inducing premelanosome dispersal (Fig. 3). As 
can be seen in the figure, the effect of the agonist 
could easily be antagonized by propranolol, a beta 
adrenergic blocking agent. 

Adenosine, which has recently been shown to be 
the co-transmitter of the adrenergic postganglionic 
fibers to the melanophores of some teleosts [6, 24], 
was also effective in dispersing the premelano- 
somes (Fig. 4). Alpha-MSH, the intermediate 
lobe principle, also exhibited remarkable activity 
to disperse the cellular inclusions (Fig. 4). In addi- 
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Serial recordings obtained on an amelanotic melanophore to show the effect of a 


beta-adrenergic agonist, isoxsuprine (1X). a: Passive pigment dispersion in physiologic- 
al saline following 3-min treatment with 5x10 °M norepinephrine (NE). b: Pre- 


melanosome dispersion in response to 10~ 


°M isoxsuprine. c: Antagonistic effect of 


propranolol (PP), a beta blocker, on the action of isoxsuprine. 
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Fic. 4. Photoelectric recordings successively obtained 
on an amelanotic melanophore to show the pre- 
melanosome-dispersing action of some substances 
known to induce pigment dispersion in many chro- 
matophore species. In each recording, the response 
to a test substance 1s preceded by a 3-min treatment 
with 510 °M norepinephrine, which brought 
about the chromatosome aggregation almost 
completely. a: Passive gradual premelanosome dis- 
persion in physiological saline. b: Premelanosome 
dispersion in 10 °M adenosine (AS). c: Pre- 
melanosome dispersion in 10°’M alpha-MSH. d: 
Premelanosome dispersion in 10 °M atropine. 


tion, it was ascertained that atropine, a cholinergic 
blocker of muscarinic type, strongly dispersed the 
premelanosomes (Fig. 4). 


DISCUSSION 


The present results have clearly shown that the 
amelanotic melanophores existing in pale varieties 
of the medaka are motile, and that they are 
controlled in the same way as the usual mela- 


nophores of the wild type or dark varieties of the 
same species of fish, and further as those in many 
other teleost species [3-8], notwithstanding the 
fact that the organelles of the present materials are 
practically colorless. That is, the sympathetic 
post-ganglionic fibers are certainly responsible for 
the rapid aggregation of the chromatosomes, like 
in chromatophores of usual sorts. It has also been 
shown that alpha adrenoceptors are involved in 
mediating the response. Further, possible involve- 
ment of adenosine or adenine nucleotides as the 
co-transmitter antagonizing the effect of the sym- 
pathetic true transmitter, norepinephrine [6, 24], 
has also been strongly suggested. 

Positive effects of alpha-MSH, MCH and mela- 
tonin on those clear cells further indicate the 
possible participation of these hormonal sub- 
stances in their motile responses, although the 
response rates to those endocrines should be much 
lower than those seen in the neural regulation. 

That such colorless chromatophores are motile, 
and further regulated in the same manner as the 
usual pigmented chromatophores seems to be 
quite strange, if we come to think of it, because 
their motile activities must be practically meaning- 
less in fulfilling part in the integumentary color 
change phenomena. Thus, we should consider 
these situations. 

In the amelanotic melanophores, the process of 
melanization is believed to be blocked by the 
inhibition of tyrosinase activity [1, 2]. Asa result, 
the vehicles for the black pigment, melanin, are 
vacant, being in contrast with mature melanized 
ones, the melanosomes, present in normal melano- 
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phores. As mentioned above, we have found in 
the present study that the motor systems for those 
unpigmented melanophores are functioning quite 
normally as those for the pigmented cells of the 
dark specimens. We presume here that the sys- 
tems themselves may have been remaining un- 
changed ever since the time of the mutational 
change or the genetic transformation causing the 
blockade of tyrosinase activity, occurred many 
years ago in the wild-type individual(s). The pres- 
ence of the sound, but meaningless regulatory 
systems may thus be smoothly understood. If the 
enzyme action is restored spontaneously or arti- 
ficially by some means, therefore, the melanized 
cells can easily be supposed to be controlled quite 
normally like the melanophores found in wild 
forms or those of the recent dark varieties. 

The present results may also deny the possibility 
that the presence of the innervation naturally leads 
to the induction of pigmentation or melanization in 
the teleostean chromatic effector cells: Even in 
the presence of the normal neural controlling 
system, the pigmentation has not developed at all 
in those cells. The reason why we want to discuss 
such a problem here is that nowadays dermatolo- 
gists assume that human vitiligo, i.e., local depig- 
mentation frequently seen in skin, might be caused 
by the defects in nervous supply [25]. By way of 
the side remark, the chromatic innervation men- 
tioned above is of course the adrenergic motor one 
in this species of fish, but we like to consider it to 
include a putative “trophic” innervation, since the 
nervous supply of the latter sort has frequently 
been claimed to be deeply concerned with main- 
taining effector cells healthy and motile, and fur- 
ther responsive to regulatory agencies. In any 
case, further studies are naturally needed for 
understanding the chromatic as well as achromatic 
phenomena seen among those less investigated 
effector systems. 
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ABSTRACT—The effects of visual images on oxygen consumption of the goby, Tridentiger obscurus, in 
relation to hole entry and withdrawal behaviors, were investigated using a polarographic oxygen 
electrode with continuous flow respirometry. The oxygen consumption of an isolated fish in the 
respirometer tube increased markedly when the fish was placed in a visual ‘hole-withdrawal’ state 
simulated by raising a shelter which had been placed over the whole length of the respirometer. Such an 
effect on the oxygen consumption was found even when the ‘hole-withdrawal’ procedure was performed 
using a covered or uncovered shelter and regardless of whether the shelter was black or white. The 
increase in Oxygen consumption in a simulated ‘hole-withdrawal’ state using wider shelters was lower 
than that in narrower shelters. This seems to be supported by the fact that the fish preferred the larger 
and larger-appearing objects in its hole-entering behavior. However, when an isolated fish in the 
respirometer tube was placed in a visual ‘hole-entry’ state simulated by lowering the shelter over the 
tube, its oxygen consumption did not change. This seems to simulate the natural habits of the fish, 
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which tends to hole up or hide under stones. 


INTRODUCTION 


The effect of visual images on oxygen consump- 
tion of fishes has been demonstrated by various 
authors. Concerning the effects of grouping, for 
example, a soothing group effect is shown by the 
fact that aggregating fish have a lower rate of 
oxygen consumption per fish than those in isola- 
tion [1-12]. The so-called soothing group effect is 
also present when the rate of oxygen consumption 
in the fish does not change according to group 
composition [13-15]. On the contrary, an excita- 
tory group effect is shown by the fact that the 
oxygen consumption of an isolated fish increases 
markedly, not only when the fish is placed in visual 
contact with conspecific fish, but also with hetero- 
specific species having feeding habits similar to the 
fish being tested [12, 16-19]. The soothing group 
effect on oxygen consumption seems to be exhib- 
ited during schooling, while the excitatory group 
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effect seems to be observed if the fish displays 
solitary living habits and/or aggressive behavior 
[12]. 

Umezawa et al. [19] found that the freshwater 
demersal goby naturally tends to hole up or take 
shelter under stones and exhibits a tendency to- 
ward solitary living. It usually remains quiet in the 
cylindrical tube through which water is passed 
continuously for prolonged periods of time, and its 
oxygen consumption in the tube is affected by 
changes in visual images. The goby showed 
momentary high rates of oxygen consumption 
which gradually subsided only after septa, placed 
over the whole length of the respirometer tube, 
were raised upwards, whereas it did not show any 
signs of changes in respiratory response when the 
septa were lowered downwards [19]. On the con- 
trary, swimming and schooling fishes such as the 
crucian carp, the dace and the dark chub, did not 
show any signs of changes in respiratory response 
in the respirometer tube when the septa were 
moved either upwards or downwards (Umezawa, 
unpublished). Thus, the respiratory responses ex- 
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hibited in the goby seem to be an interesting 
consequence of its solitary habitat and tendency to 
hole up or hide under stones. 

The purpose of the present study is to analyze 
the effect of visual images simulating entry or 
withdrawal from hiding places on the oxygen con- 
sumption of the goby. 


MATERIALS AND METHODS 


Secondary freshwater demersal gobies, 7ri- 
dentiger obscurus, weighing between 1.7 and 10.8 g 
were used. These fish were collected from a river 
and transferred into aquaria (30 x75 x 30 cm deep) 
which were well-aerated and kept at a constant 
25°C. About seven fish were kept together in each 
aquarium, into which stones (about 12 107 cm 
in height) were placed on the pebble bottom. The 
fish were fed a manufactured preparation (Tetra 
Min) twice a day and were acclimated in the 
aquaria for at least a week before the experiments 
were initiated. 

The apparatus used to determine oxygen con- 
sumption in relation to the effect of hole-entry and 
withdrawal behaviors in the fish was a continuous 
flow respirometer as described in Umezawa et al. 
[19]. This apparatus consisted of a respirometer 
tube kept horizontally on the bottom of an open 
container (2036 X21cm deep) which was filled 
with water to a depth of about 10cm, a shelter 
which extended the whole length of the tube 
(Fig. 1), and a polarographic oxygen electrode in a 


To hoist 


<— 
To water 
tank 


To oxygen 
electrode 


Respirometer 


cuvette with an oxygen analyzer. 

The respirometer tubes were made of transpar- 
ent acrylic acid resin and were cylindrical tubes of 
10 cm in length and of various gauges (1.1, 1.6, 2.1 
and 2.6cm). The shelters were made of acrylic 
acid resin. Shelters Ba, Bb, Be and Bd consisted 
of covered. black septa which were placed on the 
sides and at both ends of the respirometer tube. 
These shelters (Ba, Bb, Bc and Bd) were 20 cm in 
length, 7 cm in height, and had widths of 5, 7.5, 10 
and 12.5cm, respectively. Shelters B’a, B’b, B’c 
and B’d consisted of septa identical to those de- 
scribed above, except without covers. Shelters 
Wa, Wb, Wc and Wd, and W’a, W’b, W’c and 
Wd had the same specifications as the first set of 
shelters but were painted white (Fig. 2). 

The respirometer tube which was immersed in 
the open water container was not shielded com- 
pletely from ordinary electric light (about 300 Ix) 
when it was covered with any of the shelters, 
covered or uncovered and black or white. Unfor- 
tunately, no measurements were performed on the 
illumination under the respirometer tube. 

The oxygen tension of the water before and after 
the fish was placed in the respirometer tube was 
measured with an oxygen electrode (Oxygen Ana- 
lyzer, Fieldlab type, Beckman-Toshiba). 

Determination of the oxygen consumption in 
relation to the visual image change presented to 
the fish was made on an isolated goby kept in the 
respirometer tube immersed in the open water 
container. The fish was alternately placed in visual 
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Fic. 1. Diagram of the experimental apparatus used to determine oxygen consumption of the goby in 
relation to the effect of visual images simulating hole-entry or withdrawal under constant water flow 
rate and temperature conditions (about 25°C). For further explanation, see text. 
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Fic. 2. 


Diagram of the designation of the shelters used in the present experiment. Symbols B, 


B’, W and W indicate shelters. Shelters B and B’ consist of septa with and without a cover, 
respectively, and are painted black; shelters W and W’ consist of septa with and without a 
cover, respectively, and are painted white. Symbols a, b, c and d indicate widths of 5, 7.5, 


10 and 12.5cm, respectively. 


contact with a shelter by means of lowering the 
shelter (hole-entry state) over the tube and with no 
shelter by means of raising the shelter which had 
been placed over the entire length of the respiro- 
meter (hole-withdrawal state), by a miniature 
motor. The values of oxygen consumption were 
obtained by the average consumption from each 
successive measurement of at least 30 min dura- 
tion, excluding the initial 15 min after the fish had 
been placed either in visual contact with the shelter 
or with no shelter. 

Normally the measurements were made during 
the afternoon (12: 00-19: 00) to standardize ex- 
perimental time and the metabolic state of the fish. 
If the fish was used again, it was allowed to rest at 
least 3 days before the next experiment. About 10 
to 20 test fish were used in each experiment. 

The results were analyzed statistically according 
to Snedecor and Cochran [20] and Ishii [21]. 


RESULTS 

Effect of visual image change 
An isolated fish in a respirometer tube was 
alternately placed in visual contact with a shelter 
and with no shelter. Figure 3 shows typical results 


obtained from a fish during successive experi- 
ments. After the fish was placed in the respiro- 


meter tube, a markedly low rate of oxygen tension 


_in the water was found usually for about 10 min 


after the shelter was raised upwards*, and then the 
rate gradually increased to the initial level of 
oxygen tension. However, the oxygen tension did 
not change when the shelter was moved down- 
wards. This result indicates that the oxygen con- 
sumption of fish increased markedly when it was 
placed in visual contact with no shelter, but did not 
change when placed in visual contact with the 
shelter. 

Comparisons of 18 determinations between ox- 
ygen consumption measured when each fish was 
placed in visual contact with the shelter Ba and 
that with no shelter are given in Table 1, where the 
mean oxygen consumption of the fish placed in the 
former state was lower than that in the latter state. 
This table indicates that there was a statistically 
significant difference (P<0.001). 

It is clear, therefore, that neither the increase in 
oxygen consumption of the goby when placed in 
visual contact with no shelter nor the unchanged 
oxygen consumption of the fish when placed in 
visual contact with the shelter is independent of 
changes in visual image simulating withdrawal or 


* Becuase there is a distance between the respirometer 
and the oxygen electrode. 
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Time in hour 


Graph showing changes in oxygen content of water after the fish was placed in the 


respirometer tube. The oxygen content in the water decreased when the shelter (Ba) was moved 
upwards at the arrow with symbol U, but remained constant when the shelter was moved 
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Oxygen consumption measured for each fish in the respirometer tube, when placed in visual contact 


with shelter Ba(hole-entry state) and without one (hole-withdrawal state) 


Oxygen consumption in test fish (ml/kg/hr) 


Variation 


py 
NO 
OW 
aS 
N 


OR aa Se) 


SUG) TEL WS H8), Teal 


15S 16 17 18 Mean P 


Hole-entry 
State 


140 240 100 155 119 104 123 191 174 130 152 101 108 106 170 104 91 106 134.1 


<0.001 


Hole-withdrawal 559 319 279 284 185 114 294 240 279 208 255 170 116 221 240 161 113 150 214.3 


state 


Flow rate 530 ml/hr, 25°C. “Student’s t-test. 


entry into hiding places. 


Factors influencing visual effect 
1. The effect of repetitive visual image change 


Measurements were made of oxygen consump- 
tion in relation to the repetition in visual image 
change in which the shelter was alternately moved 
upwards and downwards about every hour. The 
results obtained from the procedure which was 
repeated three times are summarized in Table 2. 
Table 2 indicates that the mean of oxygen con- 
sumption in fish placed in visual contact with no 
shelter, described as the percentage of the value in 
the fish placed in visual contact with the shelter, 
obtained from the first visual change, was slightly 
higher than that obtained from second and third 


visual changes, and the mean in the second visual 
change was slightly higher than that in the third 
change, with shelter Ba. However, there were no 
statistically significant differences between the two 
means (P >0.1-0.2). Table 2 also shows that there 
were no Statistically significant differences between 
the two means (P>0.1-0.8) in shelters B’a, Wa 
and Wa, excluding the comparison between the 
mean in the first change and that in the second 
change (P<0.05) in the shelter Wa. 

It was found that in other shelters (Bb, Bc and 
Bd; B’b, B’c and B’d; Wb, We and Wd; and W’b, 
W’c and W’d), there were no statistically signif- 
icant differences between the mean of oxygen 
consumption in the first visual change and that in 
the second or third changes (P>0.2-0.8). Nor 
were there any between the mean in the second 
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TABLE 2. 


Comparisons between the first ( | ), second (II )and third (Ill) visual change as to the mean value 


of the oxygen consumption, in percentage of the value of the test fish placed in visual contact with a 
shelter (hole-entry state), when the fish was placed in visual contact without one (hole-withdrawal state) 


Mean of the oxygen con- 


Pection sumption of hole-withdrawal uit 

— state in percentage of the 

value of hole-entry state Bal Ball Bal Ball Wal Wall Wal Wall 

Ba | 180.4 

Ba Il 156.7 >0.2 

Ba Ill 140.5 >0.1** >0.2 

Ba | 142.0 

B’a || 120.8 =0.2 

Bia Ill 140.2 >Q.8 20.2 

Wa | 166.5 

Wa Il 121.7 <0.05 

Wa Ill 140.5 Pi > 0ul 

W'a | 141.5 

Wa Il 146.3 >0.5 

Wa Ill 139.0 >0.8 >0.2 


*x 


visual change and that in the third change (P> 
().2-0.5), excluding some differences in shelters 
We, Wd and W’b (P<0.02-0.05) in which the 
oxygen consumption in the first visual change was 
higher than that in the second or third changes. 


2. The effect of width of shelter 


Measurements were made of the increase in 
oxygen consumption of fish when placed in visual 
contact with no shelter in relation to the width of 
shelter. The results obtained from different widths 
of shelters are summarized in Table 3. Table 3 
indicates that the mean of oxygen consumption in 
the shelter having a cover, painted black with a 
width of 5cm (Ba) was higher than that in the 
shelter with a width of 12.5 cm (Bd), and there was 
a Statistically significant difference between the 
two means (P<0.05); the mean in the shelter with 
a width of 7.5cm (Bb) was higher than that in 
shelters with widths of 10cm (Bc) and 12.5cm 
(Bd), and there were statistically significant differ- 
ences between the means in the former (P<0.02) 
and the latter (P<0.01). 

Table 3 also shows that the means of oxygen 
consumption in the shelters having no cover, 


f-test in equal variance, excluding the symbol ** which shows (-test in unequal variance by Cochran-Cox. 


painted black with a narrower width (B’b) and 
painted white with a narrower width (W’a) were 
higher than those painted black with a wider width 
(B’c and B’d) (P<0.005 and <0.001, respectively) 
and painted white with a wider width (Wc and 
Wd) (P<0.05 and <0.005, respectively). This is 
excluding the mean in the narrower shelter B’a, 
which was lower than that in the wider shelter B’b 
(P<0.05). There was no statistically significant 
difference in each comparison of the mean of 
oxygen consumption in the shelters having a cover, 
painted white with different widths (Wa, Wb, Wc 
and Wd) (P>0.05-0.8). 


3. The effect of covers on the shelters 

Measurements were made of the increase in 
oxygen consumption of fish when placed in visual 
contact with no shelter in relation to a covered 
shelter. 

Comparisons between 18 determinations of ox- 
ygen consumption in fish placed in visual contact 
with no shelter, described as a percentage of the 
value for the fish placed in visual contact with a 
shelter having a cover, painted black with a width 
of 5cm (Ba) and 17 determinations of oxygen 
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> 


Tas_e 3. Comparisons between the effect of the widths of the shelter 


[Scm(a), 7.5cm(b), 10cm(c) and 


12.5cem(d)] as to the mean value of the oxygen consumption, in percentage of the value of the test fish 
placed in visual contact with a shelter (hole-entry state), when the fish was placed in visual contact without 


one (hole-withdrawal state) 


Mean of the oxygen con- 
sumption of hole- 


p* 


Variation 
pe withdrawal state in per- 
centage of the value 

of hole-entry state 


Ba Bb Be Ba - Bb Be Wal Wb 9We War sme ee 


Ba 162.3 

Bb 167.9 sg 9 

Be 144.4 a < (DD 

Bd 137.4 <0.05 <0.01 ¢ 

Ba ) 

B’b <(0).05 

B’c Ds + <().005 

Bd 116.6 teyn< O00 eee 

Wa 142.9 

Wb 135), 7 t 

We 143.7 + + 

Wd 130.9 HY og 4 

Wa 142.2 

W’b 133 4 
Wc 0.05 # 
Wd 123.9 <ON00SF aes ames 


x 


* f-test in equal variance, excluding the symbol ** which shows f-test in unequal variance by Cochran-Cox. 


The symbol # indicates that there is no statistically significant difference between the two means (P >0.05-0.8). 


consumption of another fish placed in a similar 
visual state, except that the black shelter, 5cm 
wide, had no cover (Ba), are summarized in 
Table 4. Table 4 indicates that there was a mini- 
mal statistically significant difference between the 
means (P<0.05). However, comparisons between 
oxygen consumption in shelters Bb, Bc and Bd and 
that in B’b, B’c and Bd, respectively, and between 
oxygen consumption in shelters Wa, Wb, Wc and 
Wd and that in Wa, W’b, Wc and Wd, respec- 
tively, indicated no statistically significant differ- 
ence between the means (P >0.05-0.8). 

It is surmised, therefore, that the increase in the 
oxygen consumption of the goby when placed in 
visual contact with no shelter by means of moving 
the shelter upwards is independent of the existence 
of a cover placed on the upper part of the shelter. 


4. The effect of colored (black or white) shelters 


Measurements were made of increases in oxygen 
consumption of fish when placed in visual contact 
with no shelter in relation to black or white 
shelters. 

Comparisons between 16 determinations of ox- 
ygen consumption in fish placed in visual contact 
with no shelter, described as a percentage of the 
value for fish placed in visual contact with a shelter 
having a cover, painted black with a width of 
7.5cm (Bb) and 18 determinations of oxygen 
consumption of another fish placed in a similar 
visual state, except that the 7.5 cm wide, covered 
shelter was white (Wb) are summarized in Table 5. 
Table 5 shows that the mean of oxygen consump- 
tion in shelter Bb was higher than that in shelter 
Wb, and there was a statistically significant differ- 
ence between the means (P<0.01). Similarly, 
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Comparing the oxygen consumption of I8 test fish placed in visual contact with no shelter, in 


percentage of the values of those fish placed in visual contact with the black, covered shelter having a width 
of Sem (Ba) and that of another 17 test fish placed in a similar visual state, except the black, 5cm wide 


shelter had no cover (B‘a) 


Test fish 


Variation 


owe (ts KOsaieine: 29 10D dis 15 14 15 16.17. 18 Mean es 
Ba 164 133 279 183 155 110 239 126 160 160 168 168 107 208 141 155 124 142 162.3 <0.05 
Bia 129 118 121 139 158 187 63 120 88 157 143 154 89 135 120 167 190 134.0 


Temp., 25C. The variance between the two samples is equal in Feal=1.638< F (0025) =2. 45; 


* t-test. 


TABLE 5. 


Comparing the oxygen consumption of 16 test fish placed in visual contact with no shelter, in 


percentage of the values of those fish placed in visual contact with the shelter having a cover, painted black 
with width of 7.5cm (Bb) and that of another I$ test fish placed in similar visual state, except the covered, 


7.5 cm wide shelter was painted white (Wb) 


Variation 


Test fish 


Guava 9 AOS 12, 13) 14 15, 16 17 18 Mean ed 


Bb 226 177 169 157 179 165 167 125 168 145 197 179 148 154 148 182 
93 180 116 169 157 205 129 111 92 


Wb 


167.9 
135.7 


< 0.0] 


os LIU IIUT IU a2 Id 69) 1435 172 


Temp.. 25%. The variance between the two samples is equal in Feal=2.459< Fj{ (0.025) =2.82. 


* t-test. 


comparisons between oxygen consumption in shel- 
ter B’b and that in shelter W’b also indicated a 
Statistically significant difference between the 
means (P<(0).02). 

However, comparisons between oxygen con- 
sumption in shelters Ba, Bc and Bd and that in 
Wa, We and Wd, respectively, and between ox- 
ygen consumption in shelters B’a, B’c and Bd and 
that in W’a, Wc and Wd, respectively, indicated 
no statistically significant differences between the 
means (P >0.05-0.9). 

It is surmised, therefore, that the increase in the 
oxygen consumption of the goby when placed in 
visual contact with no shelter by means of moving 
the shelter upwards is not dependent on the black 
or white color of the shelter. 


DISCUSSION 


The goby naturally tends to hole up or hide 
under stones and exhibits a tendency towards 
solitary living, and usually shows aggressive be- 
havior [18, 19, 22, 23]. When the goby is intro- 


duced into a respirometer tube through which 
water passes continuously, it remains quiet and 
consumes oxygen at a constant level. However, 
the oxygen consumption of the fish in the respiro- 
meter increases markedly, not only when the fish is 
placed in visual contact with conspecific fish, but 
also heterospecific species having feeding habits 
similar to the goby [18, 19]. Similarly, the oxygen 
consumption increases markedly when side septa 
placed over the whole length of the respirometer 
tube are moved upwards, even though no sur- 
rounding fish are present in the ambient region. 
However, oxygen consumption does not change 
when the fish is placed in visual contact with septa 
moving downwards [18, 19]. 

In the present experiments, an isolated goby was 
kept in the respirometer tube and alternately 
placed in visual contact with a shelter by means of 
moving it downwards (hole-entery state) and with 
no shelter by means of moving upwards the shelter 
which had been placed over the entire length of the 
respirometer tube (hole-withdrawal state). The 
experiments were performed in triplicate, and 
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results indicated that when the fish was placed in a 
visual hole-withdrawal state, its oxygen consump- 
tion increased markedly, but it did not change 
when the fish was placed in a visual hole-entry 
state. 

These results give evidence that gobies show 
substantial differences in oxygen consumption 
according to changes in visual images. Thus, it is 
surmised that unchanged oxygen consumption of 
the goby in the visual hole-entry state is due to its 
behavioral tendency to hole up or hide stones, and 
that an increase in oxygen consumption of the fish 
in the visual hole-withdrawal state results from its 
habit of solitary living and aggressive behavior. 

According to Umezawa et al. [22] and Umezawa 
and Yoshida [23], who investigated hole-entering 
behavior into tubular objects in the goby, the fish 
tended to enter larger objects rather than smaller 
objects and preferred lower-positioned objects, 
independent of illumination. The frequency of 
hole-entry was proportional to the cross-sectional 
area of the opening when the fish were placed in 
visual contact with rectangular objects. They [23] 
also found that the width of the opening may be a 
more important factor than the height for entering 
behavior in the goby; the fish chose the larger- 
appearing objects when they were placed in visual 
contact with objects in which the actual size was 
equal but the apparent size was different. This 
suggested that the reason why the gobies preferred 
larger objects was not necessarily due to ease of 
entering. 

The results we obtained here showed that the 
visual effect indicated by an increase in oxygen 
consumption of the goby when placed in a visual 
hole-withdrawal state was independent of both the 
existence of a cover on the shelter and the black or 
white color of the shelter, but not of the width of 
the shelter. The increase in oxygen consumption 
in the visual hole-withdrawal state simulated using 
wider shelters was lower than that simulated using 
narrower shelters. These conclusions seem to be 
supported by the above-mentioned fact that the 
gobies preferred lower-positioned objects and 
tended to enter both larger and larger-appearing 
objects, independent of illumination. 

We suggest that withdrawal from smaller objects 
is more stimulating than that from larger objects in 


the hole-withdrawal behavior of the goby; thus, 
the fish tends to enter larger objects rather than 
smaller objects in its hole-entering behavior. 
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Immunocytochemical Localization of Retinochrome 
in the Visual Cells of the Squid 
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Osaka University, Toyonaka, Osaka 560, Japan 


ABSTRACT—The intracellular location of a photosensitive membrane protein, retinochrome, in the 
visual cells of the squid Todarodes was investigated using immunocytochemical techniques. Fluorescent 
antibody techniques revealed that retinochrome was localized in the basal regions of the outer segments 
and throughout the cytoplasm of the inner segments. The distribution pattern of the immunofluores- 
cence coincided with that of the myelin-like membrane structures called myeloid bodies, suggesting that 
retinochrome might be located in the myeloid bodies. To confirm this, a membrane homogenate 
containing the myeloid bodies was prepared from outer segment-free retinas, incubated with T4-phage- 
labeled antibody and examined with a scanning electron microscope. A number of phage particles were 
found to adhere to the surface of the membranes of the myeloid bodies. It was clear that the myeloid 
bodies carry retinochrome in the inner segments of the visual cells. 


INTRODUCTION 


Molluscan retinas contain a pair of photopig- 
ments, rhodopsin and retinochrome [1, 2]. Re- 
tinochrome has all-trans retinal as a chromophore, 
which is converted to the 11-cis form by light. The 
photochemical data suggest that retinochrome acts 
as a supplier of 11-cis isomer [1-3]. To clarify the 
interaction between rhodopsin and retinochrome 
in visual photoreception, information must be 
collected on the distribution of retinochrome in 
visual cells, associated especially with subcellular 
structures. Earlier work on this problem has re- 
sulted in experiments with pigment extraction [4], 
membrane fractionation [5, 6] and histochemical 
detection of the retinaldehyde chromophore [7]. 
These studies suggested that retinochrome is pre- 
sent in both the inner and outer segments of the 
visual cells, and perhaps associated with the 
myeloid bodies. In this study, the intracellular 
location of retinochrome was examined using im- 
munocytochemical techniques. 
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MATERIALS AND METHODS 


Preparation of retinochrome and rhodopsin 
Outer segment-free retinas were collected from 
about 100 frozen eyeballs of the squid, Todarodes 
pacificus, homogenized with a 
homogenizer and washed according to Hara and 


glass- Teflon 


Hara [1]. The washed membrane homogenate was 
centrifuged (12,000 rpm, 30min). The resultant 
membrane pellet was homogenized with 64 ml of 
30 mM octyl glucoside in 0.1 M phosphate buffer 
(PB), pH 6.8. After stirring for 20 min at 15-18°C, 
the homogenate was centrifuged (12,000 rpm, 20 
min) to remove impurities by absorption at 280 
nm. When the remaining pellet was treated in the 
same way as described above, retinochrome could 
be abundantly extracted. The second extract con- 
taining retinochrome was dialyzed immediately 
after centrifugation against three changes of 4 
liters of 0.1M PB, pH6.8, at 7-12 °C for 20 hr to 
remove the excess octyl glucoside. Aggregated 
materials were collected by centrifugation (12,000 
rpm, 30min), producing an orange pellet. The 
pellet was washed twice with 0.1M PB, pH6.8, 
lyophilyzed, and washed with n-hexan. Finally, 


retinochrome was extracted with 2% digitonin 
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(purified by the method of Bridges [8]) in 67 mM 
PB, pH6.5. A high yield (at 495 nm total absorb- 
ance amounts to 48-60 per ml from 100 retinas 
preparation) of pure retinochrome was obtained. 

Rhodopsin was also extracted with digitonin 
from the outer segments of the visual cells, 1.8 in 
absorbance at 480 nm and 3.3 in optical purity 
(Aosonm/Aagonm). Lo 1 ml of rhodopsin extract was 
added 0.1 ml of 20% sodium dodecyl sulfate (SDS) 
and 0.05 ml of 2-mercaptoethanol (2-ME). The 
mixture was incubated at 37°C for 10hr, diluted 
twice with distilled water, and used as a sample of 
SDS-treated rhodopsin. 

SDS-polyacylamide gel electrophoresis (SDS- 
PAGE) was carried out by the method of Hara et 
al. [9]. Retinochrome (A4osnm=3.0) was diluted 
with an equal volume of 2% SDS and 5% 2-ME, 
and kept at 45°C for 1 hr. Twenty yl of this sample 
were electrophoresed in a slab gel with marker 
proteins, cytochrome C (abbreviation, Cyt-C), @- 
chymotripsinogen (Chy), myoglobin (Myo), oval- 
bumin (Ova), and bovine serum albumin (BSA). 
Carboxymethylation of SDS-denatured re- 
tinochrome was carried out by the method of 
Crestfield et al. [10]. 


Immunochemical methods 


Antisera were prepared by immunization of 
each rabbit intraperitoneally with 0.5 ml re- 
tinochrome (A4o5nm=3.0) emulsified in an equal 
volume of Freund’s complete adjuvant. Booster 
injections were given in the same way every 2 
weeks. Rabbits were bled at 5 weeks from the first 
injection. Normal serum used as a control was 
taken from each rabbit before immunization. 

Ouchterlony’s double diffusion was carried out 
in gels containing 1% agarose, PBS (0.15 M NaCl, 
10 mM phosphate, pH 7.2), and 0.05% chloretone 
at 37°C for 20hr. The immunodiffusion of the 
sample containing SDS was carried out in gels 
containing 2% agarose, 0.1% SDS and PBS. 

Two-dimensional immunoelectrophoresis was 
performed by the method of Converse and Paper- 
master [11], with some modifications. The outer 
segment-free retinas prepared from two eyeballs 
were homogenized with 67 mM PB, pH6.8, in a 
glass-Teflon homogenizer and centrifuged. The 
pellet was mixed with 4 ml of 2% SDS and 0.4 ml 


of 2-ME, and kept at 45 °C for 1 hr. This SDS 
extract was then dialyzed for 2 hr against 1% SDS 
in 20mM Tris (tris-hydroxymethyl-aminometh- 
ane) acetate, pH 8.2. Twenty wl of the dialysate 
was electrophoresed in a slab polyacrylamide gel 
(6% acrylamide, 0.2% N, N’-methylenebisacryl- 
amide) in the presence of 0.5% SDS and 40 mM 
Tris, 20 mM Na acetate, pH 7.4. After elec- 
trophoresis, the gel was placed on a glass plate, 
and sunk into 1% hot agarose containing 2% 
Emulgen 109P (n-laury1-9-polyoxyethylenes, Kao 
atlas Co., Osaka, Japan) and 64 mM Tris, 32 mM 
Na acetate, pH 7.4. A gel containing agarose 
(1%), antiserum (20%), 64mM Tris and 32 mM 
Na acetate, pH 7.4 was prepared on the same glass 
plate contiguous to the above agarose gel. The 
second electrophoresis was carried out perpendic- 
ularly to the polyacrylamide gel at 20 mA for 20 hr. 
Non-reactive proteins were washed out by incuba- 
tion of the gel in three changes of PBS for 3 days. 
The antigen-antibody complex was stained with 
2% coomassie brilliant blue R-250 in 10% acetic 
acid. 

IgG fraction was prepared from the antiserum 
by salting out techniques (50% saturation of 
ammonium sulfate) and subsequent DEAE (dieth- 
yl aminoethyl)-cellulose chromatography [12]. 
Preparation and purification of FITC (fluorescein 
isothiocyanate)-labeled IgG were carried out by 
the method of Peter and Coons [13]. Labeling of 
IgG with T4-phage followed the method of 
Kumon et al. [14]. FITC-labeled IgG and IgG 
used for labeling with T4-phage were subjected to 
adsorption treatment with acetone powder of 
squid sclera in order to eliminate nonspecific 
staining. 


Immunofluorescent staining 


The ventral semicircular part of the retina (cal- 
led ventral retina) was cut 4-7 mm square, and 
immersed into the embedding medium Tissue-Tek 
II, O.C.T. Compound (Lab-Tek products Co., 
Naperville, IL). The embedded tissue was quickly 
frozen in a dry ice-ethanol mixture and sectioned 
at 4-8 wm with a cryostat (Cryo-cut Il, American 
Optical Co., N.Y.). The sections were placed on 
egg-albuminized glass slides, air-dried for 30 min, 
and fixed with CCl, at 4°C for 30min. After 
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drying in air, the sections were immersed in cold 
PBS in order to wash the surface of the specimen, 
and then incubated at 37°C for 2hr in one of the 
following solutions: (1) FITC-labeled rabbit anti- 
retinochrome IgG which was diluted with rabbit 
normal serum, (2) FITC-labeled rabbit anti- 
retinochrome IgG which was diluted with rabbit 
anti-retinochrome serum, or (3) FITC-labeled rab- 
bit nomal IgG. The sections were then mildly 
shaken for 45 min in two changes of cold PBS, and 
were mounted in phosphate-buffered glycerol. 
Finally, they were viewed and photographed with 
an Olympus model BHF fluorescence microscope 
(Olympus Co., Tokyo). 


Immunoelectron microscopy 


Outer segments-free ventral retinas prepared 
from two frozen eyeballs were homogenized with 
5 ml of 0.14M NaCl in 0.2M PB, pH6.8 in a 
glass-Teflon homogenizer. The membrane frag- 
ments were sedimented by centrifugation (12,000 
rpm, 30 min). The precipitate was gently smeared 
on 8 mm square poly-L-lysine-coated glass slides 
(poly-L-lysine HBr, type I-B, M.W. 70,000, Sigma 
Co., MO) [15]. After 5 min, the slips were gently 
shaken in PBS to remove unattached membrane 
fragments. The samples were fixed with 0.5% 
glutaraldehyde for 20 min at 4°C, allowed to stand 
in 0.1M glycine for 30min, and then in two 
changes of 0.2M PB, pH7.4 for 30min. The 
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sample was incubated in rabbit normal serum for 
| hr at room temperature, and then for 2hr in 
T4-phage-labeled anti-retinochrome IgG solution 
that was diluted ten times with the normal serum. 
The control sample was incubated in the antiserum 
and then in the antiserum-diluted T4-phage- 
Both 
samples were incubated separately for 30 min in 
two changes of 0.2 M PB, pH 7.4. They were then 
fixed with 2.5% glutaraldehyde and postfixed with 
1% OsO,. After dehydration with ethanol, the 
samples were immersed in iso-amyl acetate and 
critical point dried with CO, in a Hitachi model 
HCP-2 dryer (Hitachi Co., Tokyo), coated with 
gold in an Eiko model IB-3 ion coater (Eiko E. 
Co., Mito), and observed with a Hitachi S-430 
scanning electron microscope (Hitachi Co.). 


labeled anti-retinochrome IgG solution. 


RESULTS AND DISCUSSION 


Specificity of the antibody 

Figure la shows the absorption spectrum of 
immunogen retinochrome with the spectral ratios 
showing low values (1.9 in Adgonm/Agos nm: 9-12 in 
A4oonm/Agosnm). For another criterion of purity, 
the sample was subjected to SDS-PAGE (Fig. 1b). 
Only one band for retinochrome was seen, whose 
mobility was similar to that of @ -chymotripsinogen 
(M.W. 23,000). These results indicate that the 


BSA emu b 


Ova 


(a) Absorption spectra of a digitonin extract of Todarodes retinochrome (diluted eleven-fold) before 


(1,—) and after (2,---) irradiation with orange light (>560nm). (b) SDS-polyacrylamide gel elec- 
trophoretogram of the digitonin extract. /eft, marker proteins given in text. right, retinochrome (Ret). 
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sample was pure enough to use as immunogen. 
Specificity of the antibody was examined by 
Ouchterlony’s double diffusion analysis (Fig. 2) 
and by two-dimensional immunoelectrophoresis 
(Fig. 3). The antiserum reacted with the im- 
munogen, retinochrome, but not with squid rho- 
dopsin (Fig. 2a). In addition, the serum did cross- 
react with retinochrome denatured by SDS and 


Bige: 


Ouchterlony’s double diffusion analysis. (a) 
The gel contains 1% agarose and PBS. Weill /, the 


immunogen, squid retinochrome. Well 2, rabbit 
anti-retinochrome antiserum. Well 3, squid rhodop- 
sin. Well 4, rabbit normal serum. (b) The gel con- 
tains 2% agarose, 0.1% SDS and PBS. Central well, 
rabbit anti-retinochrome antiserum. Well /, 1% 
SDS in PBS. Well 2, the SDS extract from the outer 
segment-free retinas. Well 3, retinochrome treated 
with SDS and 2-ME. Well 4, squid rhodopsin tre- 
ated with SDS and 2-ME. Weill 5, carboxymethyl- 
ated derivative of retinochrome treated with SDS 
and 2-ME. Well 6, a mixture of maker proteins used 
on SDS-PAGE shown in Fig. Ib. 


Ric. 3) 


2-ME and its carboxymethylated derivative, but 
not with denatured rhodopsin (Fig. 2b). The 
serum formed one precipitin line against the SDS 
extract from the outer segment-free retinas (Fig. 
2b); retinochrome containing in the SDS extract 
was probably forming this precipitin line. To 
prove this, the SDS extract was subjected to 
two-dimensional immunoelectrophoresis. A rock- 
et type precipitin zone was seen at the position 
which, as judged from the mobility on SDS- 
PAGE, corresponds to retinochrome (Fig. 3). No 
precipitin zones were found with other proteins of 
the outer segment-free retinas, indicating the 
specificity of the serum to retinochrome. 


Immunofluorescent staining 


Fluorescent antibody techniques were applied to 
the frozen sections of retina using the FITC- 
labeled IgG prepared from the above specific 
immune serum. Figure 4a ts a light micrograph of 
a vertical section of the visual cell layer in the 
neighborhood of that used for the 
nofluorescence. Figure 4b is a_ fluorescence 
micrograph of a section incubated in FITC-labeled 
anti-retinochrome IgG solution diluted with nor- 
mal serum. Bright green fluorescence was seen in 
the visual cells, localized in the basal region of the 
outer segments (that is, the region between the 
layer of black pigment and the basement mem- 
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Two-dimensional immunoelectrophoretogram of the SDS ex- 


tract of the outer segment-free retinas. The first electrophoresis 
(SDS-PAGE) was carried out from left to right in the figure, and 
the second one from bottom to top. The band at the extreme right 
of the SDS-PAGE gel is due to retinochrome, which forms a 


rocket-type precipitin zone. 
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(a) The retinal frozen section of the squid, 7. pacificus (hematoxylin and eosin staining). OS, the 


layer of the outer segments. IS, the layer of the inner segments. N, the layer of nuclei. BP, the layer of 
black pigment. B, the basement membrane. (b) Immunofluorescent staining of the frozen section. The 
section was stained with FITC-labeled anti-retinochrome IgG diluted with normal serum. (c) One step 
inhibition control. The frozen section was stained with FITC-labeled anti-retinochrome IgG diluted with 


anti-retinochrome serum. Bars represent 100 um. 


brane) and throughout the inner segments except 
for the nuclei. No fluorescence was observed in 
the rhabdome-bearing region of the outer seg- 
ments (the region from the layer of black pigment 
to the tip of the outer segment at the vitreous 
surface). The bright fluorescence demonstrated in 
Figure 4b was absent when the sections were 
stained in FITC-labeled rabbit normal IgG or 
FITC-labeled anti-retinochrome IgG diluted with 
the antiserum (Fig. 4C). This shows that the 
bright fluorescence in Figure 4b is based on an 
antigen-antibody reaction. 

The results shown in Figure 4b are in accord 
with that of the histochemical 
retinochrome chromophore in the squid retina [7]. 
In addition, it is consistent with the finding that 
retinochrome is extractable not only from the 


location of the 


inner segments but also from the outer segments of 


the visual cells [4]. The distribution pattern of the 
immunofluorescence also coincides with that of the 
myeloid bodies, which are intracellular organella 
with a structure of lamellated stackings of flat 
membrane disks [4, 16, 17]. The results in Figure 
4b, therefore, suggest that retinochrome might 
reside on the myeloid bodies. On the other hand, 
it is known that rhodopsin is localized in the 
microvillous membrane of the rhabdomere [18, 


19], which extends to the distal regions of the outer 
segments [16, 17, and my unpublished observation 
of Todarodes|. Accordingly, from the viewpoint 
of distribution of retinal pigment, the visual cell is 
divided into two functional regions: the distal 
rhabdomeric regions containing rhodopsin and the 
proximal non-rhabdomeric regions containing re- 
tinochrome. The layer of black pigment stands on 
the boundary between the two regions. In the 
regions containing retinochrome, the light coming 
through the lens of the eye is mostly intercepted by 
the black screening pigment. Hence, it is likely 
that the chromophore of retinochrome is mostly 
photoisomerized not by the incident light coming 
through the lens, but by the scattering light diffus- 
ing from the comparatively transparent body 
through the scleral surface of the eyeball. 


Location of retinochrome on an electron micro- 
scopic level 

Upon observation of myeloid body-rich mem- 
brane homogenate with a scanning electron micro- 
scope, the myeloid bodies are identified as the 
Structures with a flat widespread surface [6]. To 
detect for the presence of retinochrome on the 
myeloid bodies, T4-phage-labeled antibody and a 


scanning electron microscope were employed. 
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Scanning electron micrograph of the membrane fragments in the homogenate of the outer 


segment-free retinas. Membranes were attached to slips of poly-L-lysine-coated glass slides, and 
were then incubated in T4-phage-labeled anti-retinochrome IgG together with normal serum (a, 


b, c) or anti-retinochrome serum (qd). 


(a) A flat membrane decorated with many phage particles. 


(b) A slender flat membrane with two other membranes (arrows) piled up. Note that every 
membrane piled up has phage particles present. (c) Two membranes (arrows) have phage 
particles present. Note that membranes with no phage particles are also seen (black arrow 
heads). (d) Control sample shows no phage particles on the flat membrane as in Fig. Sa-c. Bars, 


Sym (a, b, d) and 3 ym (c). 


Inner segment membranes adhering to a glass 
surface were treated with T4-phage-labeled anti- 
retinochrome IgG. Flat membrane disks, ellip- 
soidal in shape, about 5m in width, and sur- 
rounded by a thicker margin were all decorated 
with many phage particles (Fig. 5a, b, c). This 
clearly demonstrates that the myeloid bodies in the 


inner segments carry retinochrome. The mean 
values of the long and short axis of 20 samples of 
flat membranes with many phage particles were 
12.3+8.2 wm and 5.4+2.2 um, respectively. Flat 
membranes were occasionally observed to be piled 
up, as seen in Figure 5b. In such cases, every 
surface observed (in Fig. 5b, three surfaces, see 
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arrows) was decorated with phage particles with- 
out exception, suggesting that retinochrome may 
be present on every disk (cisternae) of the myeloid 
bodies. Furthermore, in one observation, the 
ellipsoidal disk was rolled up such that both sides 
of the surface of one disk were by chance 
observed; many phage particles were adhered to 
either side (data not shown). Many flat membrane 
fragments with no phage particles were also 
observed. They were irregular in shape, ranged 
from 0.1—5 «m in width and were surrounded by a 
rough margin. In Figure 5c, phage particles are 
seen on two membranes (large and small arrows), 
while none appear on the smooth surface of the 
surrounding membranes (arrow heads). The flat 
membranes with no phage particles may be de- 
rived from the myeloid bodies or from other 
membranes such as the endoplasmic reticula. It is, 
therefore, uncertain from the present study 
whether all myeloid bodies in the inner segments 
bear retinochrome. 

In a control experiment, in which phage-labeled 
antibody together with the antiserum was applied 
to the membranes, adhesion of phage particles to 
the membranes as in Figure 5a, b and c was 
markedly inhibited by the presence of unlabeled 
antibody (Fig. 5d). This assures that the adhesion 
of phage particles in the membranes is based on 
the antigen-antibody reaction. 

The present study is supported by a recent 
autoradiographic and biochemical study of [°H] 
vitamin A in Octopus retina which revealed that 
the intracellular migration of vitamin A is closely 
associated with retinochrome and the myeloid 
bodies [20]. Retinochrome-bearing membranes 
irradiated with orange light are able to supply 
11-cis retinal to opsin, as demonstrated in in vitro 
studies using retinochrome-rich membrane prepa- 
rations [5, 21-23]. Consequently, the myeloid 
bodies probably function as a photoreceptor and a 
supplier of 11-cis retinal. Cohen [17] pointed out 
that the membrane planes of the myeloid bodies 
were oriented nearly in parallel to the axis of the 
visual cells, so that the myeloid bodies could not 
effectively catch the incident light coming through 
the lens, even if it reached the proximal region 
beyond the layer of black screening pigment. This 
may, however, not be the case for the scattering 


light coming through the scleral surface, since the 
scattering light is not necessarily parallel to the 
membrane planes of the myeloid bodies. 

The present study could not judge the presence 
of retinochrome on membranes other than the 
myeloid bodies, such as the endoplasmic reticula, 
sub-rhabdomeric cisternae, Golgi bodies, and cell 
surface membranes. The author’s recent prelimi- 
nary experiment using ferritin- or peroxidase- 
labeled conventional antibodies suggests that be- 
sides the myeloid bodies, there are unidentified 
retinochrome-carrying membranes. High titer 
monoclonal antibody with high specificity will, 
however, be suitable for clarifying in situ, fine 
localization of retinochrome in the visual cells. 
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Mechanisms Underlying Regulation of Local Immune Responses 
in the Uterus during Early Gestation of Eutherian Mammals 
I. Distribution of Immuno-competent Cells which Bind Anti- 

IgG Antibodies in the Post-nidatory Uterus of the Mouse 
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ABSTRACT—Crucial gap of knowledge exists concerning the mechanisms of local immune responses 
elicited by implanting blastocysts during peri-nidatory period of gestation in mammalian uteri. As an 
approach to the problem, the distribution of immunocytes capable of reacting with anti-IgG antibodies, 
was examined immuno-histochemically in the post-nidatory uterus of the mouse. Indirect method 
employing FITC-labelled antibodies as the secondary antibodies, was used to visualize the reacted cells. 
In the specimens of implantation sites obtained on Day 5, Day 6, and Day 7 of gestation, the 
FITC-labelled cells were only sporadically found in the decidua (<3% in a specimen of Day 7 
implantation site ), while they were numerously detected in the areas of the endometrium located 
outside the decidua as well as in the myometrium. In the series of the experiments presently described, 
the decidual cells were not stained with consistent outcome. The mean number of FITC-labelled cells 
found per single cross section of the implantation site, showed linear increase on semi-log scales during 
the period ranging from Day 5 to Day 7. The present findings give further support to the hypothesis that 
the decidua may serve as a barrier during the peri-nidatory period of gestation not only for the efferent 
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but also for the afferent arm of the maternal immune system. 


INTRODUCTION 


In naturally induced pregnancies of eutherian 
mammals, the embryos are hemi-allogeneic to the 
mother and may elicit maternal immune re- 
sponses, leading to the rejection and elimination of 
the conceptuses unless they are properly protected 
[1-3]. 

The immunological peculiarities of gestation 
have attracted attention of many investigators, and 
complex mechanisms underlying this curious phe- 
nomenon have gradually been elucidated (see 
[4-10], for review). However, crucial gap of 
knowledge still exists, in order to adequately ex- 
plain the enigmatic condition of true viviparity, 
i.e., fetus qua homograft, originally laid down by 
Medawar [1] as a valid scientific question. 
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Particularly in need of clarification is the chain 
of events which take place locally in the endome- 
trium during very early stages of gestation. 

Tachi et al. [11] demonstrated in the rat that 
shortly after the onset of implantation numerous 
macrophages emerge around the implantation 
sites, and that the decidua may prevent the access 
of macrophages to the embryos [11]. Since mac- 
rophages are responsible for primary processing of 
antigens present in transplants foreign to the host, 
and for presenting the information to T-cells, it 
was tentatively concluded that decidua might serve 
as an immunological barrier which locally blocks 
the afferent arm of the maternal immune mecha- 
nisms during the peri-nidatory period of gestation 
in this species of animals [11]. 

Although macrophages are one of the most 
important members of the defence mechanisms of 
the body, other immunologically competent cells, 
or immunocytes, are probably involved in the local 
immune responses triggered by the implants in the 
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endometrium. Furthermore, the macrophages de- 
monstrated in the endometrium by their non- 
immune mediated phagocytic activities, as done by 
ourselves in our previous work [11], are not repre- 
sentative of the entire population of the mac- 
rophages in the tissue (for review, see, e.g., [12, 
13]). 

In order to obtain clues to answer those ques- 
tions, we analyzed the distribution of immunocytes 
which carry IgG as a cellular marker in the uterus 
of the mouse during post-nidatory period of gesta- 
tion. The results will be described in this paper. 
Part of the work has been presented [14]. 


MATERIALS AND METHODS 
Animals 


The mice belonging to a randomly bred colony 
of ICR strain were used. They were kept under 
regulated temperature (25°C) and illumination cy- 
cles (12 hr light and 12 hr darkness), throughout 
the period of the experiments. Water and pelleted 
food (Laboratory Chow CF, Oriental Co., 
Ltd.,Tokyo) were supplied ad libitum. Female 
mice were mated on the day of pro-estrus with 
males of proven fertility and the day when the 
vaginal plug was found was designated as Day | of 
pregnancy. 


Frozen Sections 


Fresh specimens of the implantation sites were 
excised from the uterus and mounted onto brass 
specimen holders using water-soluble mountant 
(Tissue-Tek II O. C. T. Compound, Miles Labo- 
ratories Inc., Ill., U.S.A.). The mounted speci- 
mens were immediately frozen by immersing in 
liquid nitrogen. 

The sections were cut at 6m in thickness by 
means of a cryostat (Model CTD, International 
Cor Wistar), kept at —30'© 

Each section was taken up onto a cover slip and 
fixed in warm (30—37°C) 95% ethanol for approx- 
imately 30 min [15, 16]; the method is widely used 
in the experiments where preservation of soluble 
proteinous antigens is intended in the sectioned 
specimens of animal tissues [17]. 


Immuno-Histochemical Procedures 


Anti-mouse IgG antibodies raised in rabbit and 
FITC-labelled anti-rabbit IgG antibodies raised in 
goat were purchased from Miles-Yeda & Co., Ltd. 
(Israel). 

The antibodies were diluted 40-100 times with 
phosphate buffered saline (PBS) containing lysine 
at a concentration of 1.0% (this solution will be 
referred to as lysine PBS in the following ). 

Indirect method (see [18, 19] for review) was 
used as the immuno-histochemical staining proce- 
dures, using anti-mouse IgG antibodies raised in 
rabbit as the primary antibodies and FITC-labelled 
anti-rabbit antibodies raised in goat as the secon- 
dary antibodies. 

The frozen sections fixed in ethanol were 
washed in two changes of fresh lysine PBS, each 
time the sections being immersed in the washing 
medium for approximately 10 min. After carefully 
removing the medium, 20 wl of the solution of the 
primary antibodies was applied on each section. 
The incubation was carried out for 1.5 hr at 37 C in 
a glass humidified chamber. At the end of the 
incubation, the sections were rinsed in two changes 
of fresh lysine PBS. Then, the sections were incu- 
bated for further 1.5 hr with the solution of the 
secondary antibodies. At the end of the incuba- 
tion, they were passed through two changes of 
fresh lysine PBS and mounted onto a slide glass 
using fluorescence-free glycerol (Wako Pure Che- 
micals & Co., Tokyo, Japan) added with 10% (v/v) 
of 0.2 M sodium phosphate. 


Fluorescent Microscopy 


The specimens stained with FITC-labelled anti- 
bodies were examined under a fluorescent micro- 
scope (model FLM-Tr, Olympus Optical Indus- 
tries & Co., Ltd., Tokyo, Japan). Colour photo- 
micrographs were taken within 48hr after the 
completion of the staining procedures; high resolu- 
tion colour negative films (Type HR400, Fuji Films 
& Co., Ltd., Tokyo, Japan ) were used for the 
purpose. 


Analysis of Photographic Records 


Quantitative analysis of the photographic re- 
cords were carried out by using a computer-aided 
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instrument system equipped with a 16-bit micro- 
processor as the central processing unit (PC 9801, 
Nippon Electric & Co., Ltd., Tokyo, Japan). 
Tracings of the photomicrographs were made by 
means of a digitizer tablet (model DT1000, Wata- 
nabe Sokki & Co., Ltd., Tokyo, Japan), and an 
X-Y plotter (model MP 1000-11, Watanabe Sokki 
& Co., Ltd., Tokyo, Japan). The software used, 
TACSYS/G (ver. 4.0), was originally written for 
the system by the present author. Counting of the 
number of the labelled cells in the cross sections of 
the uterus, calculation of the surface areas of the 
sections, and the quantitative analysis of the dis- 
tribution of the labelled cells in the sections, were 
carried out by processing the digitized data in 
TACSYS/G (ver. 4.0). 


RESULTS 


In the cross sections of the uterus passing 
through implantation sites collected around 16: 00 
on Day 5 of gestation, numerous cells stained with 
the fluorescein-labelled antibodies were found in 
the endometrial stroma (Fig. 1A and B), in the 
myometrium (Fig. 1C) and in the mesometrial 
triangle (Fig. 1D). 

The luminal as well as the glandular epithelium 
of the endometrium, rarely contained the labelled 
cells. 

The glandular lumens were faintly stained, in- 
dicating that the secretion products of the glands 
contain IgG (Fig. 1A). 

In the myometrium, numerous FITC-labelled 
cells were found in the connective tissues located 
between the longitudinal and the circular muscular 
layers. Their distribution appeared to be in close 
association with the blood vessels (Fig. 1C). 

Essentially similar observations were made in 
the uterine specimens collected on Day 6 and Day 
7 of gestation. 

Occasionally, the uterine tissues were found to 
contain considerable amount of substances which 
gave off pale orange auto-fluorecence on exposure 
to UV (Fig. 1A). The auto-fluorecence, however, 
could be easily distinguished by its colour from the 
yellow-green fluorescence specific to FITC. The 
less con- 


autofluorescent material was much 


spicuous in the uteri of young adult virgins com- 


pared to those of the aged females. 

The FITC-labelled cells observed in the uterus 
during the early period of gestation ranging from 
Day 5 to Day 7, were grossly classified into two 
types. The cells belonging to the first type were 
small in size and round in shape; they were in- 
tensely stained with FITC-labelled antibodies. 
The majority of the labelled cells were of this type 
(Fig. LA-1C). 

The cells of the second type were oval shaped; 
they were larger in size than those of the first type 
and only occasionally encountered (Fig. LA and 
D). They were often found in the vicinity of the 
gland (Fig. LA) and in the mesometrial triangle 
where they were seen forming a small cluster 
consisting of several cells (Fig. 1D). 

One of the salient observations made in the 
present series of the experiments was the lack of 
the FITC-labelled cells within the decidua. In 
Figure 2, tracings of photomicrographs are pre- 
sented showing the distribution of FITC-labelled 
cells in representative cross sections of implanta- 
tion sites collected on Day 5, Day 6 and Day 7. 

Occasionally, in the specimens collected on Day 
7, some of the embryonic cells, and cells in the 
endometrial stroma located near the embryos, 
were diffusely stained with the FITC-labelled anti- 
bodies. 

In Figure 3, the mean numbers of FITC-labelled 
cells found in the cross sections of the uterus, cut 
through implantation sites on different days of 
early gestation are plotted graphically, together 
with the mean surface areas of such cross sections. 
Both the mean number of labelled cells and the 
mean surface area of the cross sections exhibited 
linear increase on semi-log scales during the 


period. 
The distribution of the FITC-labelled cells in the 
cross section of Day 7 uterus shown in Figure 2 ts 


presented quantitatively in Figure 4. In this speci- 
men, less than 3% of the entire FITC-labelled cell 
population was found in the decidual area. It also 
can be seen in the figure that more labelled cells 
were present in the anti-mesometrial area than in 
the mesometrial area, i.e., approximately 48% in 
the former and 22% in the latter. 
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Fic. 1. FITC-labelled cells in different areas of a cross section of gestational uterus cut through implantation site. 
The animal was killed around 16: 00 on Day 5 of pregnancy. A) and B) Endometrial stroma: C) myometrium, 
and D) mesometrial triangle. af, auto-fluorescent material; bv, blood vessels: gl, gland; isc, intensely stained 
small cells; osc, oval shaped cells; mt, mesometrial triangle. 175. 
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of labelled cells / section 


2. Tracings of photo-micrographs of uterine cross sections illustrating the distribution of FITC-labelled 
cells. The positions of the labelled cells were marked with small circles in the figure. The labelled cells 
were found only sporadically in the decidua, approximate area of which is demarcated by fine dotted-lines 
in the figure. Tracings were made on enlarged photo-micrographs by means of a digitizer of the graphic 
analysis system described in Materials and Methods. Some of those fluorescent spots which could be only 
dubiously identified as cells, were inevitably included in the figure. a, anti-mesometrial side; e, endome- 
trium:; m, mesometrial side; my, myometrium. X 10.2. 
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Fic. 3. Changes in the mean number of FITC-labelled 


cells found in, and the mean surface area of the cross 
sections of the uterus cut through the implantation 
chamber, are shown graphically according to the 
Day of pregnancy. Each point represents the mean 
value of 3 cross sections each of which was obtained 
from different animals. Both the counting of the 
labelled cells and the calculation of the surface 
areas, were carried out by using the graphic analysis 
system described in Materials and Methods. Open 
circles, the mean numbers of FITC-labelled cells; 
solid circles, the mean surface areas of the cross 
sections. 
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Fic. 4. Distribution of FITC-labelled cells in a cross section of uterus obtained on Day 7 of pregnancy, is shown 
quantitatively. Figures in each square indicate in % the relative number of FITC-labelled cells found within 


the area. <X17.6. 


DISCUSSION 


The results described in this paper demonstrated 
that during the early period of gestation in the 
mouse, immunocytes as revealed by their capac- 
ities to bind anti-mouse-IgG antibodies, were only 
sporadically distributed in the decidua, while such 
cells were numerously detected in the areas of the 
endometrium located outside the decidua as well 
as in the myometrium. Decidual cells themselves 
were not stained in the present series of the 
experiments, despite of their putative bone mar- 
row origin [9, 20, 21]. 

Little information has so far been available in 
the literature concerning the distribution of im- 
munocytes in the uterus during peri-nidatory 
period of gestation. 

Under the experimental conditions presently 
employed, the antibodies may react with the mem- 
brane-bound IgG on the cells, the Fe receptors, or 
IgG present in the cytoplasm [22]. 

Numerous classes of immunocytes in mice are 
known to possess potential capacities to bind 


FITC-labelled antibodies through one of these 
mechanisms; they are macrophages, B-lympho- 
cytes, neutrophils, eosinophils, and mast cells [22]. 
In the uterus, furthermore, the metrial gland cells 
were shown to produce IgG [23-25]. 

In the present series of the experiments, no 
attempts were made to differentiate the classes of 
the FITC-labelled cells detected in the gestational 
uterus. Such experiments, however, are currently 
under way in my laboratory. 

Chaouat et al. [8] classified various hypotheses 
so far offered in order to explain the immunologi- 
cal peculiarities of mammalian gestation, into two 
major categories. Those in the first category 
assign the role of primary importance to the active 
Suppression of maternal immune responses 
through the systemic routes. On the other hand, 
the hypotheses of the second category hold the 
placenta as a barrier preventing the entry of mater- 
nal immune effector molecules or cells into the 
embryos and/or fetuses, i.e., the efferent arm of 
the maternal immune system is blocked by the 
placenta. The currently available evidence pub- 
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lished in the literature tends to favour the hypoth- 
eses of the second category as more plausible than 
those in the first category [8]. 


The findings presently described give further 


support to the hypothesis that the decidua may 
serve as a barrier during the peri-nidatory period 
of gestation not only for the efferent but also for 
the afferent arm of the maternal immune system 
[11, 26, 27]. 


The barrier presumably plays an important role 


in controlling the early phases of maternal immune 
respones which eventually lead to the establish- 
ment of partial tolerance to the paternal antigens 
in the subsequent stages of gestation. The pre- 
sence of suppressor T-cells specific to paternal 
antigens in multi-para female mice has been ex- 
perimentally demonstrated by Voisin and his col- 
leagues [8, 28-32]. 


to 


in 
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ABSTRACT—In eggs and embryos of the oyster, Crassostrea gigas, changes in the glycogen level and 
the respiratory rate during early development were estimated as a trial to identify the main fuel for their 
respiration. In unfertilized eggs, which exhibited almost the same respiratory rate as in fertilized eggs, a 
slight decrease in glycogen level, which corresponded to about 30% of oxygen utilized by their 
respiration, occurred during an incubation at 20°C for 10 hr. In fertilized eggs, a marked increase in the 
respiratory rate followed by its less steep elevation occurred during initial 10 hr after fertilization. In 
this period of development, the amount of oxygen necessary for oxidation of utilized glycogen was about 
80-90% of the amount of consumed oxygen. In the following 5 hr period, the respiratory rate was 
markedly enhanced and the utilized glycogen corresponded in its amount to 70% of oxygen consumed 
by the respiration of the embryos. In fertilized eggs and embryos, glycogen is probably the main 
energy reserve but is not in unfertilized eggs. In anoxia, a decrease in glycogen level, accompanied by 
lactate increase, occurred in unfertilized eggs in a similar manner as in fertilized eggs and an exposure of 
these eggs, having kept in anoxia, to oxygen allows the eggs to cause an increase in glycogen level at the 


expense of lactate. Latent capacities of utilization and synthesis of glycogen in unfertilized eggs are 
probably almost the same as in fertilized eggs. 


known about their energy reserves for the develop- 


NTROD 
I ODUCTION ment. For general understanding of the energy 


Recently, it has been reported that the level of 
glycogen mobilized in sea urchin eggs during early 
development is not enough to explain the amount 
of oxygen utilized by their respiration [1, 2]. 
Thus, the main energy sources for development in 
sea urchin eggs during early development do not 
seem to be only glycogen but also the other 
substances, although it has been believed that, 
during the initial 10 hr after fertilization (up to 
hatching out), glycogen is solely utilized as the 
main energy source for the development [3-5]. 
The problem concerning energy reserves for the 
development of sea urchin does not seem to be 
settled yet. On the other hand, in the spieces of 
marine invertebrate other than sea urchins, little is 
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metabolism during embryonic development, it 
seems important to identify the main energy re- 
serve for development in many species. Such 
understanding may help to solve the problem 
concerning energy reserves in sea urchin develop- 
ment. 

In the present study, the change in glycogen 
content in the oyster eggs during early develop- 
ment is investigated, as the first step to find out 
main energy source for the development in oyster 
eggs. 


MATERIAL AND METHODS 


The oyster, Crassostrea gigas, was obtained in 
Sendai Bay. They were kept in an aerated sea 
water tank until use. Oyster gametes were col- 
lected from the isolated gonads. The isolated 
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ovary was cut into small pieces and immersed in 
filtered sea water. Tissue of the gonad was re- 
moved from the egg suspension by filtration 
through double layers of Nylon guaze. After the 
eggs had been washed three or four times, an 
appropriate concentration of egg suspension (a- 
bout 10° eggs/ml sea water) was prepared and the 
eggs were allowed to develop at 20°C. Aliquots of 
the suspension were removed at intervals indicated 
in the figure legends and the text, and the eggs and 
embryos were collected with a hand-driven centri- 
fuge. 


Estimation of glycogen level 


About 0.2 ml of the egg pellet was diluted with 
2ml of IN KOH and homogenized in a glass 
homogenizer with motor-driven Teflon pestle. 
The homogenate was heated at 95°C for 30 min 
and then mixed with 8 ml of 95% ethanol and 
centrifuged at 10,000 g for 30 min. The precipitate 
obtained was dissolved in 1 ml of distilled water, 
dialyzed against distilled water for 24 hr in the cold 
and analyzed for glycogen by the enzymatic 
method of Bueding et al. [6] with slight modifica- 
tions [1]. The reaction mixture contained, in a 
total volume of 1 ml, 10 ug phosphorylase b, 100 
ymoles AMP, 10 ~moles phosphate buffer (pH 
7.2), Sywmoles MgSOq4, 25 ug a@-1, 4-glucosidase 
(contained a-1, 6-glucosidase ) from Aspergillus 
niger, 25 moles Tris-HCl buffer, pH7.2, and 
appropriate amount of the dialyzed sample. After 
60 min incubation at 30°C, aliquots were analyzed 
for glucose 1-phosphate and glucose by enzymatic 
methods [7], as described previously [1]. The 
amounts of these compounds were calculated from 
the records of change in absorbance at 340 nm, 
obtained by a dual beam spectrophotometer (mod- 
el 124, Hitachi or model UV-200, Shimadzu), 
equipped with a recorder (model QPD 34, Hitachi 
or Model U-125 MU, Shimadzu). Glycogen level 
was expressed as umole equivalent to glucose 
residue per gram of egg protein. Protein was 
measured by the method of Lowry et al. [8]. 


Estimation of respiratory rate of the eggs 


Oxygen consumption of the unfertilized and 
fertilized eggs of oyster was estimated polarog- 
raphically using a Yellow Spring’s oxygen elec- 


trode attached to a closed vessel (3 ml). Stirring 
was performed by a magnetic stirrer. Tempera- 
ture of the water surrounding the vessel was 
maintained at 20°C. 


Estimation of the amounts of consumed oxygen and 
utilized glycogen during incubation 


The amount of consumed oxygen in unfertilized 
and developing eggs during 5 or 10 hr of the 
incubation at 20°C was estimated by Warburg’s 
manometric method. A suspension of eggs (2 ml 
suspension, containing about 10° eggs) was placed 
in the manometer flask which contained 0.2 ml of 
10% KOH in the center well with a piece of filter 
paper and 0.8 ml of 10% KOH in the side arm. 
Then, oxygen amount utilized during 5 or 10 hr of 
incubation was estimated. At the start and at the 
end of the incubation at 20°C. KOH in the side 
arm was tipped into the egg suspension in the main 
chamber. Glycogen levels in the egg suspension 
thus obtained were then measured as described 
above, and the amount of decreased glycogen 
during the estimation of oxygen consumption was 
calculated by substraction of glycogen amount at 
the end of the incubation from the amount 
obtained at its start. 


Anaerobic culture of eggs and embryos 


Air in Warburg’s manometer flask, containing 
2 ml egg suspension (10° eggs or embryos) in the 
main chamber and 0.5 ml of 25% perchloric acid 
(PCA) in the side arm, was replaced with N> in the 
cold. After an incubation at 20°C, PCA in the side 
arm was tipped into the suspension in the main 
chamber. The suspension was transferred to glass 
homogenizer, and 2.5 ml 5% PCA, with which the 
flask had been washed, was added to the suspen- 
sion. Then, the suspension was homogenized by 
Teflon pestle in an ice bath. Two milliliters aliquot 
of the homogenate was centrifuged at 10,000 g for 
10 min and the supernatant was analyzed for 
lactate, pyruvate and adenine nucleotides by the 
enzymatical methods [7], as described previously 
[9]. Another 2 ml aliquot was added to 2 ml of 
2.5N KOH in an ice bath. After heavy precipitate 
was centrifuged off at 500 g for 5 min, 3 ml aliquot 
was used for glycogen estimation. 
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Chemicals 


All enzymes and coenzymes used for the estima- 
tions of glycogen, lactate, pyruvate and adenine 
nucleotides were purchased from Boehringer 
Mannheim Co., West Germany. All other rea- 
gents were of analytical grade. 


RESULTS 


About 7 hr after fertilization, the eggs of oyster, 
Crassostrea gigas, kept at 20°C became swimming 
blastulae, and at 1S hr of culture they became the 
embryos of the early veliger stage. Significant 
decrease in glycogen level occurred in oyster eggs 
and embryos during early development as shown 
in Figure 1. In the initial 5 hr after fertilization, 
glycogen level decreased at a slightly lower rate 
than in the following 10 hr period of development. 
On the other hand, glycogen level was maintained 
in unfertilized eggs during 10 hr of incubation at 
20°C (Fig. 1). Utilization of glycogen in the eggs is 
probably stimulated following fertilization. 
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Fic. 1. Change in the glycogen level in the eggs and 


embryos of oyster during early development. The 
values shown with solid circles (@) are the amount 
of glycogen expressed as umol of glucose equivalent 
per gram egg protein in fertilized eggs. The values 
shown with open circles (()) are the amounts of 
glycogen in unfertilized eggs incubated at 20°C for 
hours indicated in the figure. All values are means 
of three experiments. Vertical bar shows standard 
error of the mean. 


Figure 2 shows the change in the rate of respira- 
tion in the early development. The respiratory 
rate of the eggs 30 min after fertilization, estimated 


polarographically, was almost the same as 
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Fic. 2. Change in the respiratory rate in the eggs and 
embryos of oyster during early development. The 
values shown with soild circles (@) are the respira- 
tory rate in fertilized eggs estimated polarographi- 
cally. Those with open circles ()) are the respira- 
tory rates in unfertilized eggs incubated at 20°C for 
respective hours indicated in the figure. Each value 
is the mean of three experiments. Vartical bar 
shows standard error of the mean. 

Tas_e 1. Amounts of O, and glycogen consumed 
in unfertilized and fertilized eggs of oyster, 
Crassostrea gigas 

Calculated amounts 

of oxygen necessary 

Hours O, consumed for oxidation of B)/(A) 
consumed glycogen 
(A) B) 
uzmol O,/g «mol O, equivalent/g % 
protein protein 

UF 0-10 1 210.8 82.8 39.2 
2 192.4 49.2 25.6 
3 242.8 91.2 37.6 
F 05 1 159.2 156.0 97.8 
2 PAZ 122.4 75.3 
3 112.4 108.0 96.1 
F 5-101 330.8 259.2 78.8 
2 265.4 210.0 79.1 
3 242.8 230.4 94.9 
F 10-151 512.4 294.0 57.4 
2 446.8 391.2 87.6 
3 391.6 294.0 75.1 


Glycogen amount is expressed as mol O, equiva- 
lent necessary for its oxidation. (glycogen amount 
equivalent to glucose * 6). 
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obtained before fertilization. During the initial 
5 hr after fertilization, the respiratory rate gradual- 
ly increased and less steep increase in the respira- 
tory rate followed in the next 5 hr period. Then, 
the respiratory rate markedly increased during a 
period between 10 and 15 hr after fertilization. On 
the contrary, the respiratory rate of unfertilized 
eggs remained constant during 10 hr of incubation. 

Table 1 indicates the amount of glycogen uti- 
lized during 5hr of culture at 20°C, expressed as 
umoles equivalent to O, for the oxidation of 
utilized glycogen (“mole of mobilized glycogen 
equivalent to glucose Xx 6) in the eggs and embryos, 
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whose utilization of oxygen during the same period 
of culture was estimated by the manometric 
method. The amounts of O, utilized by these 
embryos (in “wmole) are also shown in Table 1. 
The amounts of mobilized glycogen in the eggs and 
embryos were equivalent to about 90% of utilized 
oxygen amount during the initial 5 hr after ferti- 
lization, about 85% during the following 5 hr 
(5-10 hr after fertilization) and about 75% during 
a period of development between 10 and 15 hr 
after fertilization. Oxygen seems to be utilized 
mainly for the oxidation of glycogen in these eggs 
and embryos. These suggest that glycogen is the 
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Changes in the amounts of glycogen, pyruvate and lactate in the oyster 


Bigs: 


incubation hrs 


eggs during an incubation in anaerobic condition. Values for the amount of 
glycogen are shown as pmol equivalent to glucose/g egg protein and for the 
levels of lactate and pyruvate are indicated as wmol/g egg protein. The values 
are differences between the amounts of these compounds obtained before and 
after the anaerobic incubation. Solid and open symbols show the values 
obtained on fertilized and unfertilized eggs, respectively. The values for 
glycogen are shown with circles (.), @) for lactate with squares ((_], MM) and 
for pyruvate with triangles (A, &). The values shown are typical ones among 
three experiments. The amounts of glycogen, lactate and pyruvate at the start 
of the experiment were 159.7 wmol eq. to glucose/g protein, 0.20 and 4.24 
ymol/g protein in unfetilized eggs and 150.6 wmol eq. to glucose, 0.18 and 
4.08 ymol/g protein in fertilized eggs, respectively. 
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main energy reserve in the embryos of oyster 
during early development. On the other hand, 
the amount of glycogen utilized in unfertilized eggs 
during 10 hr of incubation was quite low as shown 
in Figure 1, and corresponded to about 35% of 
oxygen utilized in unfertilized eggs during the 
incubation (Table 1). Unfertilized eggs probably 
utilize the other substances than glycogen as the 
main energy sources. 

As shown in Figure 3, the levels of glycogen, 
lactate and pyruvate were significantly altered in 
unfertilized and fertilized eggs (30 min after ferti- 
lization) during anaerobic incubation(in N> gas). 
Lactate level markedly increased and glycogen 
level evidently decreased in unfertilized eggs as 
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Changes in the amounts of adenosine nucleotides during anaerobic 


Fic. 4. 


well as in fertilized eggs, whereas pyruvate level 
did not change in anaerobic condition. The 
amount of glycogen decreased in anaerobic condi- 
tion roughly corresponded to the elevated amount 
of lactate. This suggests that glycogen is utilizable 
in unfertilized eggs as in fertilized eggs. As shown 
in Figure 4, ATP level slightly decreased and an 
increase in ADP level, corresponding to the re- 
duced ATP level, occurred during initial period of 
anaerobic incubation. Thereafter, the levels of 
these adenosine nucleotides were maintained. 
These indicate that the level of ATP is maintained 
at the expense of glycogen by glycogenolysis not 
only in fertilized eggs but also in unfertilized eggs. 


Figure 5 also shows the changes in the levels of 
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2 3 


incubation hrs 


incubation in unfertilized and fertilized eggs. All values are shown as p«mol/g 
protein, and are differences between those before and after anaerobic 
incubation. Changes in the amounts of ATP, ADP and AMP were shown 


with circles ( 


. @). squares (1), MB) and triangles (4, &), respectively. 


Solid and open symbols are those for fertilized and unfertilized eggs, 
respectively. These values are the typical ones among three experiments. 
The amounts of ATP, ADP and AMP obtained at the start of the experiment 
shown in Figs. 3 and 5 were 98.5, 4.21 and 3.96 ~mol per gram egg protein in 
unfertilized eggs and 97.6, 4.27 and 4.51 ~mol per gram protein in fertilized 


eggs, respectively. 
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glycogen, lactate and pyruvate in the eggs, kept for 
3 hr in anaerobic condition, and then cultured on 
aerobic condition (in air). During the initial 1 hr in 
aerobic culture, lactate level decreased and gly- 
cogen level increased markedly in unfertilized and 
fertilized eggs, which had been kept in anaerobic 
condition. This indicates that glycogen is synthe- 
sized at the expense of lactate in unfertilized and 
also in fertilized eggs. As shown in Figure 6, when 
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Changes in the amounts of glycogen, pyruvate and lactate in the eggs having been kept in 


FiGyS: 
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the eggs kept in anaerobic condition were exposed 
again to Os, the levels of adenosine nucleotides 
which were substantially changed during the initial 
2hr of anaerobic incubation became almost the 
same as those in the eggs observed before they 
were kept in anaerobic incubation. Glycogen pool 
in unfertilized eggs as well as in fertilized ones does 
not seem to be inert. 


2 3 


hrs 


anaerobic condition for 3 hr at 20°C and cultured again in aerobic condition. The values in 
the figure are expressed as pmol equivalent to glucose/g protein for glycogen and as »mol/g 
protein for lactate and pyruvate. The values show the difference between the amounts 
obtained before anaerobic culture and the amounts obtained in aerobic condition in the eggs 
having been kept for 3 hr at 20°C in anaerobic condition. The symbols are the same as in 
Fig. 3. The values shown are the typical ones among three experiments. 
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/Q egg protein) 


Changes in the amounts of ATP, ADP 
and AMP during aerobic culture of the 


eggs kept in anoxia (Apimol 


Time of incubation 


2 3 


hrs 


Fic. 6. Changes in the amounts of adenosine nucleotides in the eggs having been 


kept in anaerobic condition for 3 hr at 20°C and cultured again in aerobic 
condition. The values shown are the difference between the amounts before 
anaerobic culture after aerobic culture of the eggs having been kept in anaerobic 
condition for 3hr at 20°C. The symbols are the same as in Fig. 4. The values 


shown are the typical ones among three experiments. 


DISCUSSION 


The level of glycogen was found to be kept 
decreasing in the oyster eggs during early develop- 
ment and the calculated amount of oxygen for the 
oxidation of mobilized glycogen roughly corre- 
sponded to the amount of oxygen utilized by their 
respiration during whole span of early develop- 
ment. This indicates that glycogen is utilized in 
oyster eggs as the main energy source during early 
development. In sea urchin eggs, it has been 
reported that main energy reserves for their de- 
velopment are not only glycogen but also the other 
substances [1, 2]. In some species of sea urchins, 
such as Clypeaster japonicus, and Mespilia glolu- 
lus, the amount of mobilized glycogen during 
pre-hatching period of development (equivalent to 
the initial Shr period after fertilization in oyster 


eggs) has been reported to correspond to nearly 
70% of utilized oxygen [1]. In these sea urchin 
species, glycogen seems to be a main energy source 
for the development as in oyster eggs. In the other 
species of sea urchin, such as Anthocidaris crassis- 
pina and Pseudocentrotus depressus, however, the 
levels of glycogen are maintained during early 
development up to hatching out [1]. In these 
species, main energy reserves do not seem to be 
glycogen but the other substances. It has been 
found in Anthocidaris eggs that the levels of 
triacylglycerides decrease during pre-hatching 
period of development [11]. In this species, 
triacylglycerides are probable candidates for the 
energy reserve in the eggs, in which glycogen level 
is not reduced during early development. These 
observations suggest that energy reserves for early 
development differ between the species of marine 
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invertebrates. 

In unfertilized eggs of oyster, only 35% of 
consumed oxygen by their respiration was found to 
be utilized for the oxidation of glycogen. In unfer- 
tilized eggs, main energy reserve does not seem to 
be glycogen. In unfertilized eggs of oyster, howev- 
er, the latent capacity of glycolysis system seems to 
be as high as in fertilized eggs. In anaerobic 
condition, a marked decrease in glycogen level 
occurred accompanied by an increase in lactate 
level in unfertilized eggs at almost the same rate as 
in fertilized eggs. This shows that an activation of 
glycolysis system occurs in these eggs in anaerobic 
condition. ATP level, even though a little de- 
crease occurred, was maintained in anoxia. This 
probably results from ADP phosphorylation in 
glycolysis system at the expense of glycogen. 
Mobilization of glycogen in unfertilized eggs in 
anoxia also suggests that failure of glycogen utiliza- 
tion in these eggs in aerobic condition does not 
result from low amounts of enzymes of glycolysis 
system or unusual structure of glycogen, with 
which glycogen break down by phosphorylase or 
glucosidase is inhibited, but results from the reg- 
ulation of glycolytic enzymes. 

Following fertilization, flow rate in glycolysis 
system is found to be enhanced because of the 
activation of three rate-limiting reaction steps 
catalyzed by phosphorylase, phosphofructokinase 
and pyruvate kinase in oyster eggs [9]. This activa- 
tion of glycolysis shows that fertilization induces an 
increase in the rate of glycogen utilization in oyster 
eggs. The latent capacity of glycolysis in unferti- 
lized eggs of oyster probably becomes apparent 
following fertilization. The activation of glycolysis 
in anoxia occurs in part by an increase in ADP 
level and by a decrease in ATP level which acti- 
vates several reactions in glycolysis, such as phos- 
phofructokinase reaction, but fertilization-induced 
activation does not seem to be due to ADP 
stimulation, because fertilization-induced change 
in ADP level [9] is not so much as in the eggs kept 
in anoxia. Fertilization-induced activation of gly- 
colysis system probably results from changes in the 
levels of substances, such as cAMP and Ca’, with 
which the rate limiting enzymes are activated. 
This activation of glycolysis system may cause 
fertilization-induced elevation of glycogen utiliza- 


tion in oyster eggs. However, in sea urchin eggs, 
fertilization-induced activation of glycolysis occurs 
[10] in a similar manner as in oyster eggs [9] but in 
several species of sea urchin, glycogen level de- 
creases only a little during about 10 hr after ferti- 
lization [1, 2]. Hence, it is probable that fertiliza- 
tion-induced activation of glycolysis does not al- 
ways cause an increase in the rate of carbohydrate 
oxidation. 

In the eggs of several sea urchin species, in 
which glycolysis is activated upon fertilization but 
glycogen level is maintained, glycogen synthesis as 
observed by ''C-glucose incorporation into gly- 
cogen, is high in its rate than in the eggs of the 
other sea urchin species, in which glycogen level 
decreases during early development [1]. In oyster 
eggs, which had been kept in anoxia and then 
exposed to oxygen, glycogen level increased and 
lactate level decreased in fertilized eggs at almost 
the same rates as in unfertilized eggs. This indi- 
cates that glycogen synthesis at the expense of 
lactate occurs in these eggs and the capacities of 
gluconeogenesis and glycogen synthesis system in 
fertilized eggs are not lower than in unfertilized 
eggs. Hence, decrease in glycogen level in ferti- 
lized eggs at a higher rate than in unfertilized eggs 
does not seem to result from lower capacities of 
gluconeogenesis and glycogen synthesis system. 

In sea urchin eggs, a good amounts of lactate 
and pyruvate are found [10] and the amounts are 
quite low in oyster eggs [9]. In the eggs of these 
species, the lactate amount slightly decreases fol- 
lowing fertilization. Following fertilization, gly- 
colysis system has been found to be stimulated in 
sea urchin eggs [10] and also in oyster eggs [9]. It 
is probable that quite low amounts of lactate and 
pyruvate in oyster eggs does not result from de- 
pressed rate of glycolysis but results from high rate 
of pyruvate oxidation through TCA cycle and 
respiratory system. The rate of glycogen oxidation 
in oyster eggs is probably enhanced by fertiliza- 
tion-induced activation of glycolysis [9] followed 
by an elevation of oxidation rate of pyruvate 
through TCA cycle and mitochondrial respiratory 
system.The fertilization-induced elevation of en- 
zyme activities, such as pyruvate dehydrogenase 
complex may be responsible for the increase in the 
rate of pyruvate utilization in fertilized eggs of 
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oyster. 

The respiratory rate of oyster eggs hardly 
changes before and after fertilization, though ox- 
idation of glycogen as the energy reserve is prob- 
ably enhanced in its rate following fertilization. 
This suggests that the oxidation of the other energy 
reserves than glycogen in unfertilized eggs is prob- 
ably turned off upon fertilization and concomitant- 
ly an elevation of glycogen oxidation occurs in 
oyster eggs. The mechanism tor probable altera- 
tion of energy reserves following fertilization is not 
known at present. 
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Electron Microscopic Observation of Cholinesterase Activity 
in the Developing Neuromuscular Junction of Urodele, 
Hynobius nigrescens 
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ABSTRACT—Cholinesterase (ChE) activity in the neuromuscular junction (n-m-j) of the developing 
urodele was electron microscopically studied. Early sign of myogenesis was first observed in stage 43 in 
which mesenchymal cells were differentiated to have myofilaments without z-band material. These 
early myoblasts showed the reaction products of ChE activity in smooth endoplasmic reticulum (s-ER) 
and vacuoles. Nerve fibers were not in close contact with these myoblasts. At the same time, 
nerve-muscle contacts at varied developmental levels were encountered. Mere apposition of both 
plasma membranes in about 100 nm intercellular space characterized the most primitive form. On the 
surface of myoblasts surrounding such contacts, extracellular end products in the flocculent coat were 
present. These myoblasts had myofilaments with z-band material. In the axoplasm facing a myoblast 
there was an aggregation of uniform small vesicles of the size of synaptic vesicles. Deposition of end 
products was seldom observed in nerve fibers. More differentiated nerve-muscle contacts which showed 
increased density in sarcolemma and formation of single basal lamina accompanied by ChE activity were 
also seen in stage 43. Thus, it should be mentioned that the extracellular ChE activity in the early 
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nerve-muscle contacts became detectable prior to the maturation of n-m-j. 


INTRODUCTION 


The appearance of cholinesterase (ChE) activity 
during ontogenic development has been exten- 
sively studied. According to light microscopical 
studies the end product granules of acetylcho- 
linesterase (AchE) first shows the diffuse appear- 
ance in the myoblast and myotube [1-3], but 
following this stage the enzyme was concentrated 
in the developing neuromuscular junction (n-m-j) 
as straight lines 3-12 «zm in length at the surface of 
the sarcolemma, then the end product profile was 
transformed into curved lines and finally became 
rings in both in vivo and in vitro observations in the 
chick [4, 5]. The origin of AchE in the myoblast 
has also been discussed in these reports. How- 
ever, the precise ultrastructural localization of 
ChE during the development of nerve-muscle con- 
tact has not yet been reported. 
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As for the ultrastructural aspect of the mor- 
phogenetic process of n-m-j, a few studies have 
been reported in the mouse [6] and the rat [7]. As 
the results of these studies showed that the con- 
tacts between the myoblasts or myotubes and the 
nerve trunks occurred prior to the arrival of the 
axon terminals, a question is raised how ChE 
activity is associated with these early contacts and 
developing n-m-j. In the present study in an 
attempt to answer this question we examined the 
connection between ChE activity and the ultra- 
structures of the developing nerve and muscle 
using urodele amphibian which has not thoroughly 
been elucidated. 


MATERIALS AND METHODS 


The eggs, larvae, and the adults of Hynobius 
nigrescens were collected in the suburbs of Numa- 
ta, Gunma prefecture, and reared at 18 C. The 
upper forelimbs from the young adults and larvae 
in the developmental stages 39, 42, 43, 46, 48, 55 
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and 57 (staged by Usui and Hamasaki [8]), were 
excised and studied for cytochemical demonstra- 
tion of ChE activity. In the adult, the flexor 
digitorum communis muscle was excised for study. 
The materials were cut and pre-fixed with 2.5 and 
3% glutaraldehyde in 0.03M cacodylate buffer 
(pH 7.2) with sucrose (30 mg/ml) for 2-3 hr at 
4°C. The 80 um thick cryostat sections were pre- 
pared after overnight rinsing with cacodylate buf- 
fer. In the preliminary light microscopic observa- 
tion, the earliest sign of differentiation of the 
upper forelimb muscle was detected at stage 43. 
Therefore the electron microscopic study of ChE 
was made after stage 42 by the method of Karnov- 
sky and Roots [9]. The incubation for the 
appropriate reaction required more than 20 min in 
the adult tissues, while in the larvae 3-5 min was 
enough, probably due to looseness of the tissues 
which permitted the reaction medium to permeate 
easily. This shorter reaction time for larval tissues 
may be advantageous in preventing the appear- 
ance of diffusional artifacts of the reaction pro- 
ducts and the enzyme. The en bloc staining of the 
materials with 1% uranyl acetate after post- 
fixation with OsO, was especially effective in the 
case of the larval tissues. The dehydrated materi- 


als were embedded in a mixture of Araldite and 
Epon 812. After studying | ~m thick sections, 
longitudinal serial sections were made using an 
LKB-8800 ultramicrotome followed by post- 
staining with uranyl acetate and lead citrate. The 
preparations were observed with Hitachi HS-8 and 
H-700 electron microscopes. 

ChE activity was inhibited by 1 x 10~* M eserine 
but the inhibition was incomplete when the same 
concentration of diisopropylphosphate (DFP) was 
used. Therefore we substantiated the activity of 
ChE by inhibiting it with 1x10~*M eserine. 


RESULTS 


The limb buds from stage 39 to 42 are composed 
mainly of aggregations of chondrogenic cells, 
mesenchymal cells which are presumed to be 
myogenic, the brachial nerve trunk, blood vessels 
and the epidermis. Cell aggregates were loose 
intervened with a small amount of connective 
tissue. The first sign of myogenesis was seen at 
stage 43, at the proximal portion of the limb bud in 
which the mesenchymal cells showed intercellular 
accumulation of contractile filaments (Fig. 1). 
This myogenic cell corresponds to the early 


Fic. 1. 


An embryonic cell which we referred to as the terminal Schwann cell (tSc) lies between the approaching 
myoblast (M) and axon (AX). Reaction products of ChE activity are observed within s-ER and vacuoles (large 


arrows) intermingled with contractile filaments. Reaction products are also seen in the intercellular space (small 
arrows). Stage 43. x 13,000. 
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filamented myoblast without z-band material 
which has been defined in the rabbit myotome by 
Tennyson et al. [1]. These cells assemble closely 
with 5-10nm intercellular spaces, and in the 
smooth endoplasmic reticulum (s-ER), vacuoles 
and the intercellular spaces were seen the reaction 
products of ChE activity (Fig. 1). No reaction 
products were observed to be associated with the 
nuclear envelope. These intracytoplasmic reaction 
products in the myoblasts at the proximal portion 
of the limb were observable until the larvae 
reached stage 48, and in the more advanced stages 
the reaction products were localized mostly on the 
cell surface of myoblasts. 

There were embryonic cells which were laid 


yy 


between the approaching axon bundle and the 
filamented myoblast at stage 43 as is shown in 
Figure 1. The cytoplasm of this cell was character- 
ized, in comparison with that of the myoblasts, by 
the presence of densely and evenly distributed 
ribosomes, larger mitochondria and a smaller 
amount of cytoplasmic membranous organelles. 
The amount of reaction products of ChE activity 
over these cells was negligible (Fig. 4). These em- 
bryonic cells were often present in the areas be- 
tween the axons and the myoblasts (Figs. 1, 2 and 
5), and had the cytoplasmic protrusions usually 
extending over the trunk of the axons (Fig. 1) and 
the outer surfaces of the axon terminals (Figs. 4 
and 5). Because the cytoplasmic structure of this 


Fic. 2. Axon terminals (AX) which are filled up with synaptic vesicles face the plasma membrane of the myoblast 
which contains filaments with z-band material (arrow) and there is about a 100 nm space between them. The 
terminal Schwann cell (tSc) contains densely and evenly distributed ribosomes with a small number of the 
membranous organelles. Note the dispersion of the dot-form reaction products of ChE activity throughout the 
intercellular flocculent material on the sarcolemma (arrow heads). M: myoblast. Stage 43. 21,800. 
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Fic. 5. Primitive n-m-j at stage 48 which has an irregular junctional gap and the extracellular reaction products of ChE 
activity (arrow heads). The cytoplasmic protrusion of tSc (arrows) covers the surface of axon terminals (AX). 
Cytoplasm of tSc has been thickly distributed by ribosomes. M: myoblast. tSc: terminal Schwann cell. x 12,000. 


cell resembles that of the developing teloglia 
(Figs. 7 and 8) and because it has cytoplasmic 
protrusions which spread over the surfaces of the 
axon trunks and terminals, we refer to this cell as 
the terminal Schwann cell (tSc) in the present 
study. Besides this premature form of approach of 
the nerve fibers to the muscle (Fig. 1), there were 
the nerve fibers which directly came into contact 
with the muscle in this stage (Figs. 2 and 3). In the 
place where the nerve and muscle met, their 
plasma membranes were closely juxtaposed, and 
in the axon terminals was observed the accumula- 
tion of vesicles of approximately the size of synap- 
tic vesicles. No other morphological membrane 


specialization, however, was seen in this area. 
Besides the intracytoplasmic reaction products 
of ChE activity in the myoblasts at stage 43, the 
extracellular existence of reaction products was 
encountered on the cell surfaces of myoblasts 
(Figs. 2 and 3) and around the intercellular space 
formed by the approaching axon terminals and the 
myoblasts (Fig. 4). In the basal lamina surround- 
ing each axon-Schwann cell bundle, a few reaction 
product granules were observed. In some of the 
surfaces of myoblast to which the axon terminal 
was in close proximity, the plasma membrane of 
myoblast was increased in density and a single basal 
lamina was encountered in this area to be associ- 


Fic. 3. Diffusion of the products of ChE activity on the surface of finely caved plasma membrane of myoblast 
(arrow heads). A profile of an axon terminal (AX) is seen. M: myoblast. Stage 43. x 31,000. 


Fic. 4. Primitive n-m-j (PJ) at stage 43 showing sarcolemma of increased density (D) and a single basal lamina (B). 
The myoblast (M) is in the late filamented myoblast stage and contains differentiated myofibrils. Note the 
extracellular presence of the reaction products of ChE activity which are associated with the basal lamina and 
the assembly of contractile filaments (arrows). Several dots of the reaction products in the axon terminal (AX) 
seem to be artifacts when the other terminals seen in Figs. 5 and 6 are considered. x 21,000. 
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Fic. 6. A few axon bundles are surrounded by junctional gaps at stage 48 where the extracellular reaction products 
of ChE activity are exhibited (arrow heads). ChE reactive vacuoles (arrows) are also seen in the sarcoplasm 
beneath the primitive n-m-j. M: myoblast. AX: axon terminal. <9,000. 


ated with the reaction products of ChE activity 
(Fig. 4). The myoblasts which had no reaction 
products or only a small amount of these in their 
cytoplasm. However, the myoblasts which had 
contact with the tSc and had reaction products of 
ChE in the intracellular organelles were observed 
in the individual stages up to stage 48 (Fig. 5). 
Although there were often encountered the 
regions where the plasma membranes of both tSc 
and myoblast were apposing in the present 
observations, no fusion of these membranes was 
seen except for the discontinuity of the membranes 
in both sides which may be attributed to the 
tangential section of the materials or to the artifi- 
cial breakage. Some of the myoblasts at stage 48 
were provided with myofibrils with considerable 
width, the features of which corresponded to those 
in the stage of the late filamented myoblast as 
defined by Tennyson et al. [1]. The nerve-muscle 
contacts which are provided with the aforemen- 


tioned morphological characteristics are consid- 
ered to be the primitive form of the n-m-j. 
However, the situation in which myoblasts had 
contact with the tSc and showed the reaction 
products of ChE in the intracellular organelles 
were seen up to stage 48 (Fig. 5). 

As developmental stage proceeds, the tSc cyto- 
plasmic protrusion (Fig.5) separated the axon 
bundle into individual fibers (Fig. 7) and progres- 
sively extended over the surface of each axon 
branch (Fig. 8). At stage 57, the axon terminals 
were observed to be completely covered its outer 
surface by the tSc cytoplasm (Fig. 9). The thick- 
ness of tSc cytoplasm overlaying the axon termi- 
nals at stage 48 was about 300 nm (Fig. 7) and was 
decreased to 50-90 nm in later stages (Figs. 9 and 
10). Myogenesis of the cell at stage 48 corres- 
ponded to the formed muscle fiber stage which was 
defined in the Ambystoma larvae by Hay [10]. The 
cytoplasm of the present Hynobius myoblast was 
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filled with myofibrils. The junctional gap even- 
tually became a long and straight gutter (Figs. 7, 8 
and 9) and its width was about 100nm. This was 
occasionally provided with spiky depressions in the 
sarcolemma which are presumed to be the primor- 
dial sign of the secondary junctional folds (Fig. 8). 
When we observed the flexor digitorum communis 
muscle which was isolated from the adult (Fig. 11), 
the magnitude of depth of the secondary junctional 
folds in an n-m-j was not necessarily the same, but 
it declined in magnitude as the serially arranged 
folds extended to the periphery of an n-m-j. The 
shape of the axon terminals was changed from 
round to ellipsoid and measured 2 zm in the longer 
diameter. 

At stage 57 the secondary junctional folds were 
in full development, showing configuration of the 
matured n-m-j and had constant junctional gap in 
50 nm width (Fig. 10). In most of the axons the 
cored vesicles were observed before they made 
contact with the myoblast at stage 42. The reac- 
tion products of ChE activity were concentrated at 
the junctional gaps at later developmental stages 
as shown in Figures 6 to 10. 

Visualization of ChE activity in the present 
experiment was inhibited by 1 x 10°? M eserine as 
is shown in Figure 12. 


Fic. 7. Protrusion of the Schwann cell cytoplasm (Sc) 
which extends around the individual axon (A) and 
axon terminal (AX). In the intercellular space in 
axon bundle (AXb) on the upper side which seems 
to be the pre-terminal area, there is seen an intru- 
sion of Schwann cell cytoplasm (asterisks). The 
products of ChE activity are seen extracellularly in 
the junctional gap (arrow heads). M: myoblast. 
Stage 48. «15,000. 
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Fic. 12. Reaction products of ChE are not at all present in this primitive n-m-j due to the inhibition by 10-*M 
eserine (arrow heads). This contact has a single plain basal lamina and the increased density of both plasma 
membranes of muscle (M) and axon terminal (AX). Stage 48. 39,000. 


Fic. 8. The protrusion of Schwann cell cytoplasm (Sc) covers to midway up the outer surface (large arrow) of the 
axon terminal (AX). The thickness of the cytoplasmic protrusion is about 100 nm. Note the several small pits 
(small arrows) which are presumed to be the sign of formation of the secondary junctional folds, and the 
sarcolemma with increased density (D). The products of ChE activity are seen in the extracellular space between 


the muscle and the nerve. Cored vesicles (C) are seen among the synaptic vesicles. M: muscle. Stage 55. X 
21,000. 


Fic. 9. The primary junctional cleft (between asterisks) and the matured deep secondary junctional folds (arrows) 
accompanied by a dense accumulation of the reaction products of ChE activity at stage 57. Thin layer of 
Schwann cell cytoplasm with thickness of about 25-100 nm (Sc) completely covers the outer surface of the axon 
terminal (AX). M: muscle. 21,000. 


Fics. 10. and 11. Occurrence of the reaction products of ChE activity in the adult which are distributed in the 
primary junctional clefts (between asterisks) with a uniform 55 nm width and in the secondary junctional folds 
(arrows). There is also seen accumulation of the reaction products in the depressions (De) surrounding each 
primary junctional cleft. Note the dot-shaped reaction products which are associated with collagen fibers (arrow 
heads in Fig. 10). Three profiles of synapses on the left of Fig. 11 show no or immature secondary junctional 
folds. M: muscle. AX: axon terminal. Fig. 10 22,000; Fig. 11 x 10,000. 
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DISCUSSION 


The results of this study indicate first that the 
extracellular ChE activity appeared in the early 
phases of nerve-muscle contacts where the 
apposed membranes did not show any sign of 
structural differentiation, and secondly that the 
terminal Schwann cell (tSc) might participate in 
both the early nerve-muscle contacts and the ex- 
tracellular release of ChE in the development of 
urodele limb skeletal muscle. The earlier fine 
structural signs of n-m-j formation, such as the 
electron opaque membrane specialization [6, 7], 
and the elevation of the muscle surface in the 
region of contact [11], were hardly recognized in 
the present study due to the presence of dense 
reaction products. However, it is considered that 
this ChE activity is an earlier indication of initial 
structural sign of developing n-m-j than those 
previously described signs, because the reaction 
products were usually associated with the filamen- 
tous materials which seemed to become the basal 
lamina intervening the pre- and post-synaptic 
membranes, in the period lacking such signs. Oc- 
casionally reaction products were seen in the myo- 
tendinous junction. 

While searching for the nerve-muscle contact, 
we have frequently encountered the cell which 
showed morphological and positional peculiarities. 
And we could distinguish this cell from the other 
embryonic cells such as the mesenchymal cells, 
fibroblasts, myoblasts, and the satellite cells. 
Ultrastructurally, the cytoplasm of the former cell 
was evenly and densely filled with a large amount 
of free ribosomes and a small amount of membra- 
nous organelles. These were remarkably con- 
trasted with the features of other cells which 
showed dispersed free ribosomes and sometimes 
s-ER and rough endoplasmic reticulum (r-ER) in 
the cytoplasm [10-13]. 

Besides these cytoplasmic features, this cell was 
clearly distinguished from the mesenchymal cells 
which were similar to this cell in its general mor- 
phology. However, this cell was not round and 
usually had cytoplasmic processes which came in 
contact with the axons and myoblasts in the earlier 
stages of development (Figs. 1, 2 and 5). And the 
cytoplasmic contents of its processes were the 


same as those of the Schwann cell processes during 
the covering of axon terminals (Figs. 5, 7 and 8). 
As to positional characteristics, this cell had simul- 
taneous contact with both a myoblast and a cluster 
of axons. In the latter contact, one side of the 
cluster of axons was incompletely covered by this 
cell as by the Schwann cell in the matured n-m-j. 
Because of these morphological and positional 
features, we are convinced that this cell has a 
closer relationship with the teloglia than with other 
kinds of cells. This is why we referred to this cell 
as the terminal Schwann cell (tSc). 

In view of the results of this study, the possible 
roles of tSc are: first, when the wandering nerve 
fibers attach to the plasma membrane of myoblast, 
tSc may secure the footing of the synapse forma- 
tion, especially in the stage in which there is no 
sufficient accumulations of flocculent material be- 
tween the prospective pre- and post-synaptic mem- 
branes. In earlier reports [6, 7], figures which 
suggested the contact of tSc-like cell with myoblast 
were present, but the authors did not mention this 
contact. Teravdinen [14] reported membrane 
association of the axon terminals with the satellite 
cell-like cell which fused incompletely with muscle. 
However, there is an experiment in vitro indicating 
the nerve-muscle contact without the participation 
of Schwann cell [15] and there is another experi- 
ment in vivo which shows the occurrence of nerve- 
muscle contact in the stage when the glia cells are 
not yet differentiated [11]. On the other hand, 
Wake [16] demonstrated with elaborate light mi- 
croscopic observations the contact of the Schwann 
cell with the sarcolemma prior to the arrival of the 
axon on it where there was intense activity of ChE. 
The present results are consistent with his observa- 
tion with regard to the participation of Schwann 
cell in the formation of n-m-}. 

The second possible role of tSc is its involvement 
in the extracellular releasing of ChE from the 
myoblast. This possibility is derived from the fact 
that both the extracellular occurrence of ChE 
activity and the contact of tSc to myoblast 
appeared before the axon terminal makes contact 
with the myoblast. Veneroni et al. [17| have antic- 
ipated from their light microscopical observations 
that the contact of muscle by wandering nerve fiber 
exerts a trigger action on the sarcolemma causing it 
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to bulge locally. Though the causal relationship 
between the cell contact and the extracellular 
arising of ChE remains unknown, the extracellular 
occurrence of ChE activity in the early nerve- 
muscle contact prior to the establishment of the 
primitive n-m-j supports a view that by the time 
the growing nerve processes reach the muscle cells, 
or very shortly thereafter, morphologically simple 
contact of nerve and muscle has been functional in 
the aspect of electrophysiology, as was reported by 
Kullberg ef al. [11]. 

After the establishment of the primitive n-m-], 
the subsequent events of maturation of n-m-j in 
urodele skeletal muscle essentially followed the 
general pattern of morphogenesis reported in the 
muscles of rats [7, 14, 18], mice [6], chicken [19, 
20] and frogs [11]. 
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Immunohistochemical Study of Vasopressin and Oxytocin 
in the Neurosecretory System during Reorganization 
of the Neural Lobe in Mice 
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University, Hiroshima 730, Japan 


ABSTRACT—Male mice of the C57BL/6NCrj strain were hypophysectomized at 3 months of age, and 
the changes in the neurosecretory system were studied immunohistochemically using anti-vasopressin 
(AVP) and anti-oxytocin (OXT) sera. In hypophysectomized mice, AVP and OXT fibers markedly 
increased at the cut of the infundibular stalk and in the external layer of the median eminence. The 
reorganized neural lobe (NL)-like tissue 20 days after hypophysectomy was strongly stained with 
anti-AVP and anti-OXT sera. However, the extent of stainability was not different between the two 
kinds of antisera. Thirty days after hypophysectomy, the stainability to anti-A VP serum was far less 
than that to anti-OXT serum in the reorganized NL, suggesting that AVP was selectively released from 
the reorganized NL. AVP neurons in the principal region of the supraoptic (SON) and paraventricular 
nuclei (PVN) showed a marked deposition of immunoreactive AVP 5 days after hypophysectomy. At 
30 postoperative days, AVP neurons in the SON showed further deposition of the antigen in their 
perikarya, while the accumulation of immunoreactive AVP in the PVN was very variable among AVP 
neurons. The perikarya of OXT neurons 5 days after hypophysectomy were strongly stained with 
anti-OXT serum. At 30 postoperative days the immunoreactivity of OXT neurons in both nuclei were 
not significantly different from that of the controls. 
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INTRODUCTION 


Several investigators have reported that the 
proximal end of the hypophyseal stalk is reorga- 
nized into a tissue resembling the neural lobe (NL) 


following hypophysectomy, posterior lobectomy > 


or severance of the pituitary stalk [1-10]. These 
authors have carried out light and electron micros- 
copic studies on the process of redistribution of 
neurosecretory axons and the proliferation and 
hypertrophy of pituicytes during the reorganiza- 
tion of the NL. Animals operated on always de- 
veloped diabetes insipidus as a result of lack in 
neurohypophyseal hormones, but in accordance 
with the reorganization of the NL the severity of 
diabetes insipidus is improved, suggesting the 
secretion of significant amount of vasopressin from 
the reorganized tissue [2, 3, 10-12]. Immunohis- 


Accepted January 8, 1985 
Received November 22, 1984 


tochemical changes of arginine-vasopressin (AVP) 
and oxytocin (OXT) fibers in the external layer of 
the median eminence in hypophysectomized rats 
have recently been studied by Ibata er al. [13]. 
However, in their report the changes in the AVP 
and OXT neurons after hypophysectomy were not 
provided. 

The aim of the present study was to examine the 
changes of AVP and OXT neurons of the hypo- 
thalamus besides regenerative changes of axons 
following hypophysectomy in mice. The informa- 
tion will provide the basis for the future study on 
the neuronal plasticity in neuroendocrine system 
of rodents. 


MATERIALS AND METHODS 
Animals 


Male mice of the CS57BL/6NCrj strain main- 
tained in this laboratory were used in the present 
experiments. They were housed at 12-hr light 
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(06: OO—18: 00) and 12-hr dark cycle with access 
to laboratory chow (CA-1, Japan Clea Inc.) and 
tap water ad libitum. Hypophysectomy was per- 
formed at 3 months of age by transaural approach 
[10]. After hypophysectomy 5% glucose was given 
as drinking water for 2 days and thereafter it was 
replaced by tap water. 


Tissue preparation 

Four to six mice were sacrificed by decapitation 
each 5, 10, 20 and 30 days after hypophysectomy. 
Ten unoperated mice at the age of 4 months served 
as controls. The hypothalamic region was taken 
out in each mouse and fixed in Bouin’s fluid. 
Serial sagittal or frontal sections were cut in para- 
plast at 8 wm in thickness, and alternate sections 
were divided into two series. 


Preparation of antisera 


For immunization the synthetic AVP and OXT 
(Peptides Institute Inc., Osaka, Japan) were 
bound to bovine serum albumin (BSA) with glu- 
taraldehyde [14]. Rabbits were immunized by in- 
jecting AVP-BSA or OXT-BSA conjugate in com- 
plete Freund’s adjuvant into multiple dorsal sites 
at every two weeks. After 14 weeks of immuniza- 
tion, the booster one week prior to blood collec- 
tion was injected. Blood was collected from the 
carotid artery of animals and the serum was stored 
at —80°C. For the characterization of the antisera 
to AVP or OXT radioimmunoassay system was 
applied according to the method of Kagan and 
Glick [14]. This antic AVP serum (RV-2K) could 
bind 50% of the tracer ('°'I-AVP) at the serum 
dilution of 20,000, while in the same assay system 
relative cross-reactivity of OXT and arginine- 
vasotocin (AVT) was 3.5% and 42%, respectively. 
On the other hand, anti-OXT serum (RO-2K) 
showed that 50% of the tracer ('*! I-OXT) was 
bound at the serum dilution of 2,000. No cross- 
reaction with other nonapeptides (AVP, AVT, 
lysine-vasopressin) was detected. For the present 
immunohistochemical study, anti-A VP and anti- 
OXT sera were diluted 1: 1,600 and 1: 100, respec- 
tively, with phosphate-buffered saline (pH 7.4), 
and they were preincubated immediately before 
use with BSA and supernatant of mouse liver 
homogenates to eliminate non-specific reaction 


and background reaction. 


Immunohistochemical procedures and_ specificity 
test 


One of two series of sections was stained with 
anti-A VP serum and the other series, with anti- 
OXT serum. Reaction time and dilution of rea- 
gents were as follows: 1) anti-AVP serum (1: 
1,600) for 24 hr at 4°C, or anti-OXT serum (1: 100) 
for 24 hr at 4°C followed by incubation for 2 hr at 
room temperature (RT), ii) goat anti-rabbit IgG 
serum (1:30) for 30min at RT, i) peroxidase- 
anti-rabbit peroxidase complex (1: 60) for 30 min 
at RT, and iv) 0.02% 3, 3’-diaminobenzidine 
(DAB) in 0.05M Tris-HCl buffer (pH 7.4) con- 
taining 0.004% H>O> for 5 min at RT. 

The specificity of the immunohistochemical 
staining was examined in tissue sections separately 
prepared from intact mice by omitting the antisera, 
by replacing the antisera by normal rabbit serum, 
and by absorbing the antisera with various concen- 
trations of AVP or OXT. In addition, double 
staining of the two kinds of antigens was applied 
for a single section according to the double staining 
method of Vandesande and Dierickx [15]. The 
double staining in a section with the two antisera 
was secured by different tinctorial products with 
DAB and 4-Cl-1-naphtol. 


RESULTS 
Specificity of immunohistochemical staining 


The stainability of hypothalamic sections with 
anti-AVP and anti-OXT sera preincubated with 
AVP or OXT is shown in Table 1. Absorption of 
anti-AVP and anti-OXT sera used in the present 
study with synthetic AVP and OXT, respectively, 
completely abolished the staining of neuronal peri- 
karya and their axons. The other tests for specific- 
ity of immunohistochemical staining, such as omit- 
ting the antisera and replacing the antisera by 
normal rabbit serum, also abolished the staining. 
The double staining preparations showed that 
AVP-containing and OXT-containing neurons 
were separate. 
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Taste 1. Stainability of hypothalamic sections with 
anti-AVP and anti-OXT sera preincubated with 
AVP or OXT 


Concentration of Anti-AVP Anti-OXT 
peptides serum serum 
AVP None +Ht+ +HH+ 
0.1 «g/ml = ir 7255 
1 «g/ml 1 +Ht+ 
10) «g/ml = +H 
OXT None H+ ++ 
0.1 «g/ml H+ == 
1 yg/ml SEL + 
10) «g/ml Sa _ 


Anti-AVP and anti-OXT sera diluted 1: 1,600 and 1: 
100, respectively, with phosphate buffered saline 
(pH 7.4) were incubated with either AVP or OXT at 
various concentrations for 24 hr at 4°C. Stainability 
of reactive neurons was arbitrarily rated. 

+++: most intense stainability as observed in the 
control sections (none), —; negative, ++ and +; 
intermediates. 


AVP and OXT neurons in the supraoptic and 
paraventricular nuclei 


In the supraoptic nucleus (SON), AVP neurons 
were predominantly localized in the ventral part. 
The caudal region of the SON was composed 
mostly of AVP neurons, while OXT neurons were 
present rostrally in the dorsal part of the SON 
though less frequently than AVP neurons. In the 
paraventricular nucleus (PVN), AVP neurons 
tended to localize preferentially in the ventral part 
anteriorly and in the dorsolateral part posteriorly, 
while a number of OXT neurons were visible 
overall in the anterior region and the ventromedial 
part of the posterior region. No distinct differ- 
ences in size were observed between AVP and 
OXT neurons in the two hypothalamic mag- 
nocellular neurosecretory nuclei. Many fibers con- 
taining AVP and OXT were also encountered 
within and in the vicinity of these nuclei (Fig. 
la—d). 

Five days after hypophysectomy, the perikarya 
of AVP and OXT neurons in both SON and PVN 
were strongly stained. However, the number of 
fibers projecting from the perikarya of AVP and 
OXT neurons in both nuclei decreased after 
hypophysectomy as compared with that in the 
control (Fig. le-h). The histological features were 


generally the same 10 days after hypophysectomy 
as compared with that at S days. However, 20 days 
after hypophysectomy, significant differences were 
detected between the AVP and OXT neurons. In 
the SON, AVP neurons showed more intense 
stainability than those observed 10 days after 
hypophysectomy, while the stainability of OXT 
neurons was decreased to the control level. This 
difference in stainability between AVP and OXT 
neurons was more pronounced 30 days after 
hypophysectomy than 20 days (Fig. li, }). On the 
other hand, AVP neurons in the posterior region 
of the PVN were mainly composed of heavily 
stained neurons, while in the anterior region their 
stainability was decreased to the control level. 
The stainability of OXT neurons in the PVN 
returned to the control level (Fig. 1k, 1). Thirty 
days after hypophysectomy, the fibers loaded with 
AVP and OXT increased in the number in both 
nuclei as compared with those at earlier days after 
hypophysectomy. Marked reduction in the num- 
ber of immunoreactive AVP and OXT neurons 
was observed in the SON and PVN of 
hypophysectomized mice. 


Median eminence 


In control mice, numerous AVP- and OXT- 
containing nerve fibers originating from the 
hypothalamic neurons run through the fiber layer 
of the median eminence (ME) (Figs. 2a,b and 3a, 
b). The external layer contained some AVP fibers 
terminating around the capillary loops (Figs. 2a 
and 3a). However, anti-OXT serum-reactive 
fibers were scarce in the external layer (Figs. 2b 
and 3b). 

Five days after hypophysectomy AVP contain- 
ing fibers markedly increased in the external layer, 
and were also present in the ependymal layer 
forming the basal floor of the third ventricle and in 
the arcuate nucleus (Fig. 2c). OXT-containing 
fibers were also more widely distributed in the 
hypophysectomized than control mice, extending 
to the paramedian portion of the external layer of 
the ME and to the ependymal layer (Fig. 2d). In 
addition, AVP- and OXT-containing fibers were 
present in the area surrounding the infundibular 
recess (Fig. 2c, d), the distribution being never 
observed in the control mice. 
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Ten days after hypophysectomy, AVP and OXT 
fibers further increased in the external layer of the 
ME (Fig. 3c, d). In contrast, the immunoreactivity 
of the fiber layer was decreased. Thirty days after 
hypophysectomy, AVP immunoreactivity in the 
external layer of the ME was restricted to well 
vascularized marginal area (Fig. 2e), and was less 
intense as compared with that 5 days after 
hypophysectomy. On the other hand, the staina- 
bility to anti-OXT serum in the external layer was 
more intense at 30 days than 5 days after 
hypophysectomy (Fig. 2d, f). AVP and OXT 
fibers around the infundibular recess and in the 
arcuate nucleus were decidedly less numerous at 
30 days than 5 days. 


Frontal sections of the supraoptic (SON) and paraventricular (PVN) nuclei. a—d; control, e—h; 5 days 
after hypophysectomy, i—1; 30 days after hypohysectomy, a, e, 1; AVP neurons in SON, b, f, j; OXT 
neurons in SON, c, g, k; AVP neurons in PVN, d, h, |; OXT neurons in PVN, OC; optic chiasma. a—l X 
240. 


Reorganized NL-like tissue 


In the NL of control mice, AVP immunoreac- 
tivity was localized homogeneously in the whole 
part of NL, while OXT immunoreactivity was 
stronger in the peripheral part than in the central 
part (Fig. 3a, b). Ten days after hypophysectomy, 
marked immunoreactivity to anti-AVP and anti- 
OXT sera was observed in the peripheral area at 
the stub of the infundibular stalk (Fig. 3c, d), and 
the increase in stainability was more significant for 
anti-AVP serum than anti-OXT serum. Twenty 
days after operation, AVP and OXT immunoreac- 
tivity in the apparently reorganized NL further 
increased, but the extent of stainability was not 
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Frontal sections of the median eminence. a, b; control, c, d; 5 days after hypophysectomy, e, f; 30 days 


after hypophysectomy. a, c, e; stained with anti-AVP serum. b, d, f; stained with anti-OXT serum. a-f x 120. 


different between the two kinds of antisera (Fig. 
3e, f). However, AVP immunoreactivity became 
weaker at 30 days after hypophysectomy than at 20 
days, strong immunoreactivity being only found in 
the peripheral part, while intense OXT im- 
munoreactivity extended to the whole part of the 
reorganized NL (Fig. 3g, h). 


Other findings 


(1) Retrochiasmatic part of the SON 
Retrochiasmatic part of the SON was predomi- 
nantly composed of AVP-producing neurons, and 
several AVP neurons were encountered along the 
blood vessels running the dorsal surface of the 
optic tract (Fig. 4a). A majority of AVP neurons 
in this region showed a rapid retrograde degenera- 
tion following hypophysectomy. Thirty days after 
hypophysectomy, most of the AVP neurons under- 
went degeneration and the remaining neurons 
were strongly reactive to anti-AVP serum (Fig. 
4b). 
(11) Suprachiasmatic and anterior commissural 


nuclei 
In the suprachiasmatic nucleus (SCN), parvo- 
cellular AVP neurons 
observed, but no OXT neurons were detected. On 
the other hand, in the anterior hypothalamic area 


and their fibers were 


and the anterior commissural nucleus (ACN), 
magnocellular OXT neurons were exclusively en- 
countered. Five days after hypophysectomy, AVP 
neurons in the SCN and OXT neurons in the ACN 
showed slightly intensified stainability. However, 
no substantial changes were observed during later 
postoperative days. 
(iii) The distal lobe of the adenohypophysis after 
posterior lobectomy 

In the three mice sacrificed 20 days after the 
operation, the NL and the intermediate lobe were 
removed, but the distal lobe (DL) was incidentally 
left unremoved. They showed the penetration of 
AVP- and OXT-immunoreactive fibers into the 
DL. preferentially along the blood capillaries 
(Fig. Sa, b). The proliferation and hypertrophy of 


pituicytes usually observable in the reorganized 
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Fic. 3. Sagittal sections of the neural lobe (NL) in a control mouse and reorganized NL-like tissue in 
hypophysectomized mice. a, b; control, c, d; 10 days after hypophysectomy, e, f; 20 days after hypophy- 
sectomy, g, h; 30 days after hypophysectomy. a, c, e, g; stained with anti-AVP serum. b, d, f, h; stained 
with anti-OXT serum. a,b X110, c—h 120. 
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NL were not accompanied by the fibers penetrat- 


é, DISCUSSION 
ing into the DL. 


A number of investigators have reported light 


= and electron microscopic studies on the reorgani- 
aba ; zation of the NL after hypophysectomy [1-3, 6, 
ay % , 8-10]. Changes of neurosecretory material (NSM) 
iF % in the reorganized NL to water deprivation were 


observed by Billenstien and Leveque [1], Moll and 
de Wied [2], Kawashima and Takasugi [16] and 
Polenov eral. [9]. Except Billenstien and Leveque 


* ws; Ov [1], they all agreed that NSM in the reorganized 
ie Saw was” NL was depleted by water deprivation. Fur- 
da 7 thermore, several investigators have suggested 
that the miniature NL-like tissue could release the 
antidiuretic hormone (AVP) after exposure to 
conditions of enhanced secretion [2, 12, 17]. 
Kawashima et al. [4] found the ratio of vasopressor 
, i | ae to oxytocic activity was smaller in the reorganized 
Ni. . NL 4 weeks after hypophysectomy than in the NL 
a-. ae ie of intact rats. They suggested that AVP was re- 
os van} a - . Ra leased from the reorganized NL at a greater rate 
ae. a he é fabian 
b ota monannget than OXT. In the present study, appreciable accu- 


mulation of immunoreactive AVP and OXT was 
Fic. 4. Frontal sections of the retrochiasmatic supraop- —_ gbserved in the stub of the infundibular stalk at 10 
tic nucleus (arrows). Stained with anti-A VP serum. days after hypophysectomy, the accumulation of 


a: control, b; 30 days after hypophysectomy. Note . 
the decrease in AVP-immunoreactive fibers in the immunoreactive AVP being more marked than 


median eminence of hypophysectomized mouse. !mmunoreactive OXT. However, depletion of 
II1V; third ventricle. ME; median eminence. a, b AVP immunoreactivity from the reorganized NL 
x55. 


occurred at 30 days, while OXT immunoreactivity 
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Fic. 5. Horizontal sections of the distal lobe of the adenohypophysis of a mouse 20 days after unintentional removal 
of neural lobe only. The arrows indicate the blood capillaries. a; stained with anti-AVP serum, b; stained with 
anti-OXT serum. a,b x 360. 
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was further increased in the reorganized NL. 
More marked decrease in stainability to anti-A VP 
serum than anti-OXT serum may be due to the 
greater need of AVP than OXT in hypophysecto- 
mized mice. Therefore, AVP may be selectively 
released from the reorganized NL to the recon- 
structed vascular system. The reconstruction of 
vascular system was reported by a previous paper 
[10]. The fact that immunoreactivity of AVP 
neurons in the SON did not decrease 30 days after 
hypophysectomy as compared with at 20 postop- 
erative days may indicate that the release of AVP 
from the NL was more effective than the flux from 
the perikarya to the axons at 30 postoperative 
days. 

As shown in Figure 2, the external layer of the 
ME in intact mice contains some AVP fibers and 
very few OXT fibers. These results accord well 
with the previous findings in rats [18]. It has been 
demonstrated by immunohistochemistry and auto- 
radiography that these fibers in the external layer 
originate in the PVN [19-21]. A strong increase in 
the number of AVP fibers in the external layer of 
the ME was also reported in adrenalectomized rats 
by several investigators [18, 19, 22, 23]. They 
suggested that adrenalectomy could activate the 
loading of AVP in pre-existing AVP fibers in the 
external layer. Furthermore, Stillman et al. [22] 
found that such loading was suppressed by de- 
xamethasone administration. 

In the present study, appreciable loading of 
AVP was observed in the external layer of the ME 
as early as 5 days after hypophysectomy and the 
loading became far more intensified at 10 postop- 
erative days. Kawashima and Takasugi [4] and 
Moll and de Wied [2] have reported that Gomori’s 
aldehyde fuchsin-positive NSM was heavily accu- 
mulated in the external layer of the ME in pos- 
terior lobectomized rats similar to that in total 
hypophysectomized animals. The adrenals of 
posterior lobectomized rats were nothing different 
in histological feature from those of intact rats [4]. 
These results suggest that the accumulation of 
AVP after posterior lobectomy and hypophy- 
sectomy is due to the neuronal response to the 
need of neurohypophyseal hormones rather than 
the glucocorticoid deficiency. 

The intense accumulation of AVP in the exter- 


nal layer of the ME in hypophysectomized mice 
may be the consequence of increased loading of 
AVP both in pre-existing AVP fibers and in newly 
formed fibers by regrowth of the interrupted SON 
and PVN fibers which had originally run directly to 
the NL before operation, because the increase in 
the immunoreactivity in the individual fibers as 
well as in the number of AVP- or OXT-containing 
fibers was detected. However, it has been demon- 
strated that the potency of rearrangement of AVP 
fibers was retarded in aged mice [24]. In contrast 
to AVP fibers, very few OXT fibers were present 
in the external layer of the ME in intact mice. The 
heavy deposition of OXT after hypophysectomy 
may be due to accumulation of OXT mainly in 
newly distributed fibers. The delayed deposition 
of OXT in the external layer of the ME in the 
present study confirmed the findings by Ibata et al. 
LS]. 

Significant reduction in the number of neurons 
in the retrochiasmatic SON following hypophy- 
sectomy confirmed the observation of Bodian and 
Maren [25]. This extensive influence of 
hypophysectomy may be due to the short distance 
from their axonal terminals in the NL to the 
perikarya. 

On the other hand, in hypophysectomized mice 
AVP and OXT fibers were observed not only in 
the ependymal layer of the ME and around the 
infundibular recess but also in the arcuate nucleus, 
suggesting that their regenerating fibers grew into 
the sites where AVP and OXT fibers had previous- 
ly been absent. Previous investigators were unable 
to detected these histological changes perhaps 
because they used insensitive aldehyde-fuchsin 
staining. The present results may account for a 
marked elevation of AVP level in the cerebrospi- 
nal fluid after hypophysectomy or after histamine 
administration in hypophysectomized rats [12, 26]. 

The distribution of AVP and OXT neurons in 
the mouse hypothalamus was similar to those in 
rats reported by previous investigators [27-29]. 
There is no appreciable difference in the size of 
perikarya between AVP and OXT neurons in 
mice. However, the two kinds of neurons differ 
considerably in the responsiveness to hypophy- 
sectomy. Hypophysectomy of ats and mice re- 
sulted in the decrease in number of hypothalamic 
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neurosecretory neurons and the significant varia- 
tion in amount of NSM among different neurons 
{2, 3, 10]. Furthermore, Raisman [30] observed 
electron microscopically that degenerating SON 
neurons’ following hypophysectomy — were 
scavenged by phagocytotic activity of glial cells. 
The present experiments also showed a decrease in 
number of neurons in the SON and, to lesser 
extent, in the PVN. In both nuclei AVP neurons 
was more strongly affected than OXT neurons 
(unpublished data). 

Murakami ef al. [6] and Kiernan [7] suggested 
that pituicytes promoted the regeneration of 
neurosecretory axons. On the other hand, Rais- 
man [8] suggested that an important factor in 
accelerating the regeneration of neurosecretory 
axons was the hypertrophy of fenestrated blood 
capillaries. Several investigators have observed 
the innervation of neurosecretory axons in the DL 
of pituitary following posterior lobectomy or 
pituitary stalk section [2, 5, 31]. The existence of 
AVP and OXT fibers was detected in the DL. 
However, no pituicytes were found in the DL of 
the posterior lobectomized mice. Therefore, 
further study is needed for the understanding of 
roles played by pituicytes and blood capillaries in 
the reorganization of the NL. 
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Stimulation of Neuronal Process Growth by Estradiol-17@ in 
Dissociated Cells from Fetal Rat Hypothalamus-Preoptic Area 


MASAYUKI UCHIBORI and SEIICHIRO KAWASHIMA 


Zoological Institute, Faculty of Science, 
Hiroshima University, Hiroshima 730, Japan 


ABSTRACT—The morphogenetic effects of estradiol-17 (E,) have been assessed in primary culture of 
dissociated cells from fetal rat hypothalamus-preoptic area and cerebral cortex. In cultures of the 
hypothalamus-preoptic area from fetuses on Day 21 of gestation, E, significantly increased the total 
neuronal process length after 2 or 4 days of culture as compared with the control cultures. The degree of 
stimulation was not different between male and female fetal preparations. While, in neurons of the 
hypothalamus-preoptic area from fetuses on Day 17 of gestation stimulatory influence of E, was not 
detected. None of the cerebral cortical neurons from fetuses on Day 17 or 21 of gestation showed E, 
response. Neither percentages of unipolar, bipolar and multipolar neurons nor the mean number of 
neuronal process termini showed significant differences between control and E,-treated cultures of the 
hypothalamus-preoptic area or the cerebral cortex from fetuses on Day 17 or 21 of gestation. 

The present findings of the stimulation of process growth by E; in neurons of the hypothalamus- 
preoptic area of Day 21 fetuses but not of Day 17 fetuses may indicate the presence of sufficient 
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concentration of estrogen receptors in Day 21 fetus preparations to induce E, response. 


INTRODUCTION 


Evidence has accumulated for the significant 
role of neonatal sex steroidal environment in in- 
ducing the sexual dimorphism in several discrete 
parts of the rat brain, such as in the arcuate and 
ventromedial nuclei of the hypothalamus [1-3], 
preoptic area (POA) [4-6], and the amygdala 
[7-9]. These sexual differences are the conse- 
quences of exposure of these neural substrates 
containing the sex steroid-concentrating neurons to 
testicular androgen in the male during early post- 
natal life. 

In order to elucidate morphogenetic events in- 
volved in the neurogenesis of sexual differentia- 
tion, Toran-Allerand et al. [10-12] have studied 
the in vitro effects of sex steroids on neuritic 
outgrowth from newborn mouse hypothalamus- 
POA in organotypic cultures. We have recently 
substantiated their findings in monolayer cultures 
of cells derived from the hypothalamus-POA of 
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neonatal mice [13] and rats [14]. In cultures of the 
hypothalamus-POA, estradiol-17 (E>) or testos- 
terone propionate significantly stimulated the 
neuronal process growth and sprouting, but non- 
aromatizable Sa@-dihydrotestosterone failed to 
stimulate, confirming the importance of aromatiza- 
tion of androgen to estrogen to exert its influence 
on sexual differentiation of the neuroendocrine 
brain [14]. Neurons from the cerebral cortex of 
neonatal rats were totally refractory to steroidal 
influence. 

It was reported that estrogen receptors in the 
hypothalamus were detectable 7 days before birth 
in Sprague-Dawley CD rats [15] and 4 days before 
birth in CS57BL/6J mice [16]. However, female 
mice (ICR strain) given a single injection of 50g 
E, on Day 17 of fetal life, when the concentration 
of estrogen receptors may be considerably high, 
exhibited frequent occurrence of irreversible cor- 
nification of the vaginal epithelium, but the inci- 
dence of polyfollicular ovaries was lower in pre- 
natally estrogenized mice than neonatally treated 
animals [17]. This indicates that the neuroendo- 
crine brain is insensitive to the organizational 
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effects of estrogen during certain period of fetal 
life. In this connection and as the extension of our 
the present 
study Male and 
female fetuses were used separately for the ex- 
amination of E> effects on the neuronal process 
length, sprouting and branching of neuronal pro- 


cell culture study in neonatal rats, 
was undertaken in fetal rats. 


cesses. 


MATERIALS AND METHODS 


Adult female rats of the Wistar/Tw strain were 
mated with the males of the same strain. The day 
on which sperms were found in the vaginal smears 
was counted as Day 1 of gestation. On Day 17 or 
21 of gestation, fetuses were aseptically taken out 
from pregnant mothers under ether anesthesia. 
After killing by decapitation, sexes of fetuses were 
identified by the examination of their gonads 
under a dissecting microscope. Whole brain of 
fetal rats was quickly removed and placed in the 
standard medium (Eagle’s minimum essential 
medium containing 15% fetal bovine serum, 0.9% 
glucose, 2mM glutamine, 20 mM Na-bicarbonate, 
85 ug/ml streptomycin, 85 [U/ml penicillin and 0.2 
g/ml fungison). From each cerebral hemisphere 
a piece of tissue from the cerebral cortex was taken 
out. Then, a piece of the hypothalamus-POA was 
dissected out by coronal cuts at the level about 
1 mm anterior to the optic chiasma and the distal 
end of the infundibular stalk, and a horizontal cut 
approximately | mm deep from the ventral surface 
of the brain. Male and female tissues of the 
hypothalamus-POA and the cerebral cortex were 
separately pooled, minced, mechanically dissoci- 
ated by gentle pipetting, and filtered through nylon 
cloth. Other procedures for the preparation of cell 
suspension were essentially the same as those 
described previously [13, 14]. The filtered cell 
suspension was centrifuged at 1,500 rpm for 5 min 
and the cell pellets were resuspended with the 
standard medium. The number of viable cells 
(0.1% trypan blue exclusion test) was counted by 
means of a hemocytometer. The cell suspension 
was diluted at the concentration of 1.8 x 10° cells/ 
ml, and 0.1 ml of it was plated on a polylysine- 
coated coverslips placed in each well of Falcon 
multiwell culture plate (Falcon 3047) containing 


0.5Sml of the control medium or E,-added 
medium. This gives the final concentration of 3x 
10° cells/ml. The method of Pettmann er al. [18] 
was used for polylysine coating. 

E,-added medium contained 100 ng E>/ml and 
ethanol as the E,-diluent at the final concentration 
of 0.035% in the standard medium. The control 
medium also contained the same final concentra- 
tion of ethanol in the standard medium. The 
culture plates were incubated at 37 C in an atmos- 
phere of 95% air and 5% CO,. The medium was 
renewed after 2 days of culture. Cultures were 
fixed for 48 hr in a fixative consisting of 72% 
ethanol, 5% formalin and 5% acetic acid after 2 or 
4 days of culture, and stained with modified 


b ere oe 


Gale 
dissociated cells of the hypothalamus-preoptic area 
of male fetuses on Day 17 of gestation. Cultivated 
for 2 days in control medium. Modified Bodian 
preparations. (a) Bipolar neuron. (b) Multipolar 
neuron. Bar: 25 um. 


Examples of cultured neurons derived from 
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Bodian method [19]. Two to 14 coverslips were 
studied in each group of cultures at each termina- 
tion. Neurons were characterized by strong silver 
impregnation of their processes of almost uniform 
diameter from the base to the tip and by the 
presence of growth cones (Fig. 1). Profiles of all 
neurons whose processes were clearly demarcated 
were traced at X 395 magnification using a camera 
lucida. From the drawings, the total neuronal 
process length was measured with the aid of a 
tablet digitizer connected with a computer (Mutoh 
Industry Ltd., Tokyo). In addition, the number of 
unipolar, bipolar and multipolar neurons and the 
number of process termini in each neuron were 
counted. The results were analyzed by Mann- 
Whitney U-test or ¥7-test. 


RESULTS 


Effects of E, on neuronal process length 
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Figures 2 and 3 show the effects of E, on the 
total neuronal process length in cultures of cell 
preparations from fetuses on Days 17 and 21 of 
gestation, respectively. 

In control cultures of the hypothalamus-POA 
and the cerebral cortex the mean total process 
length after 4 days of culture significantly increased 
as compared with that after 2 days of culture 
regardless of sexes and origin of the tissues. There 
Were no sex differences in the process length in 
control cultures of the hypothalamus-POA and the 
cerebral cortex in 7 out of 8 male vs. female 
comparisons. An exception was found in 2-day 
cultures of the hypothalamus-POA from Day 17 
fetuses (males 161+4.5 um, females 171 +4.0 um, 
P<0.05, Mann-Whitney U-test). 

The growth of neuronal processes in cultures of 
the hypothalamus-POA from Day 21 fetuses was 
significantly stimulated by E, after 2 and 4 days of 
culture regardless of sexes (Fig. 3). After 2 days of 


4 days of culture 


none 
E2 
none 
Eo 
none 
E2 
none 


( 
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H-POA CC 


Effects of estradiol-17)3 (E,, 100ng/ml) on the mean total neuronal process 


length in neurons from Day 17 fetuses after 2 and 4 days of culture. Numbers in 
columns indicate the numbers of neurons measured. Vartical bars depict the 
standard errors of the means. Significant differences between control (none, 
given no E,) and E,-added cultures were not detected. H-POA; hypothalamus- 


POA. CC: cerebral cortex. 
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Effects of E, (100ng/ml) on the mean total neuronal process length in 


neurons from Day 21 fetuses after 2 and 4 days of culture. Significance of 
difference from matched control value; * P<0.05, ** P<0.01, ***P <0.001 
(Mann-Whitney U-test). For other explanations, refer to legend of Fig. 2. 


culture, the total process lengths of control and 
E,-added cultures of male hypothalamus-POA 
were 206+4.5 and 238+5.7 um (P<0.001, Mann- 
Whitney U-test), and those of cultures of cells 
derived from the female tissue were 217+6.0 and 
245+6.5u4m (P<0.001), respectively. After 4 
days of culture the stimulatory effects of E, were 
less marked than in 2-day cultures but the differ- 
ence was still statistically significant: the mean 
total process lengths in control and E, cultures in 
male fetuses were 235+7.4 and 264+7.3 um (P< 
0.01) and those in female fetuses were 237+5.7 
and 253+5.1um (P<0.05), respectively. There 
was no sex difference in E, response after 2 or 4 
days of culture. In contrast, E, failed to stimulate 
the process growth of neurons of the hypothala- 
mus-POA from Day 17 fetuses, either after 2 or 4 
days of culture (E,-added cultures vs. matched 
control cultures; 2 days of culture, 165+4.2 vs. 161 
+4.5um in male, 174+4.7 vs. 17144.0um in 
female; 4 days of culture, 236+5.5 vs. 237+6.9 


ym in male, 236+7.2 vs. 238+6.1 um in female) 
(Fig. 2). 

In cultures of the cerebral cortical cells derived 
from fetuses on Day 17 or 21 of gestation, the 
mean total neuronal process length of E,-added 
cultures was not significantly different from that of 
control cultures, regardless of sexes and cultivation 
periods (Figs. 2 and 3). 


Changes in the number of sprouting from the soma 


The percentages of unipolar, bipolar and mul- 
tipolar neurons in the neuronal population of the 
hypothalamus-POA and the cerebral cortex after 2 
and 4 days of culture are shown in Figure 4. The 
addition of E, to the medium was without effect on 
this parameter in most cases. Significant deviation 
from culture time-matched controls was detected 
only in the incidence of unipolar neurons in 4-day 
cultures of the cerebral cortex from Day 21 male 
fetuses (P<0.05, X*-test). 

The incidence of multipolar neurons from the 
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CELLS DERIVED FROM DAY 17 FETUSES 
% 2 days of culture 


4 days of culture 


multipolar 


CELLS DERIVED FROM DAY 21 FETUSES 


y, 2 days of Culture 
100 
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SS 
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4 days of culture 


Incidence of unipolar, bipolar and multipolar neurons in cultures from 


Day 17 (Fig. 4a) and Day 21 (Fig. 4b) fetuses. Significant difference in 


each type of neuron between control and E.-added cultures; 


* P<0.05 


(X--test). Significant differences between 2-day and 4-day cultures; * P 


<().05. PUL. 
POA, CC: cerebral cortex. 


cerebral cortex of male and female fetuses on Day 
17 of gestation was more in 4-day cultures than 
2-day cultures in both control and E,-added cul- 
tures. The incidence of bipolar neurons from the 
cerebral cortex was significantly less in 4-day than 
2-day cultures in control and E,-added media of 
Day 17 male preparations and in control cultures 
of Day 17 female preparations. In 4-day cultures 
of the hypothalamus-POA, the increase in inci- 


* P<0.001 (X°-test). H-POA; hypothalamus- 


dence of multipolar neurons and the decrease in 
incidence of bipolar neurons from the values of 
2-day cultures were detected in control cultures of 
Days 17 and 21 male preparations and in E,-added 
cultures of Day 21 male preparations. Significant 
differences were not found in female preparations. 
Significant deviations in incidence of unipolar 
neurons from the value of 2-day cultures were only 
sparsely detected in 4-day cultures (Fig. 4). 
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Changes in the number of neuronal process termini 


E, treatment failed to stimulate the sprouting of 
axons and primary dendrites (Fig. 4). Therefore, 
the number of neuronal process termini was 
counted in order to assess whether branching of 
neuronal processes has any relation to the changes 
in the total neuronal process length (Figs. 2 and 3). 
A significant increase in the number of neuronal 
process termini by E, treatment was detected only 
in 2-day cultures of the hypothalamus-POA of Day 
21 male fetuses as compared with matched control 
cultures (E>-added cultures, 4.2 +0.2/cell vs. con- 
cules, S.7ae0 Nice, I< O0.05, IMlanime 
Whitney U-test). In other pairs of cultures, the 
number of neuronal process termini tended to 


trol 


increase in E,-added cultures, but the difference 
from matched controls was statistically not signif- 
icant. 

In 4 day cultures of Day 17 fetus preparations, 
significant increase in the number of neuronal 
process termini was detected in 6 out of 8 groups as 
compared with 2-day cultures. While, in Day 21 
fetus preparations significant increase in branching 
was found in 2 out of 8 comparisons. 


DISCUSSION 


The present experiments showed that E> signif- 
icantly stimulated the growth of neuronal pro- 
cesses in cultures of the hypothalamus-POA from 
male and female fetuses on Day 21 of gestation (2 
days before birth), but not from fetuses on Day 17 
(6 days before birth). Sexual difference in neuritic 
response to E, was not detected. Stimulatory in- 
fluence of E, was not observed in cultures of the 
cerebral cortical cells from either age group. Vito 
and Fox [15] reported that estrogen receptor in the 
rat hypothalamus-POA was detectable as early as 
7 days before birth and its concentration was 
increased approximately 6-fold during the last 
week of gestation, reaching approximately the 
adult level at birth. In our previous report, E> 
enhanced the neuronal process growth of neonatal 
rat hypothalamus-POA preparations, when the 
estrogen receptor level might be high. However, 
the neuronal competence to respond to Ey may not 
absolutely be dependent on the estrogen receptor, 


because it has been reported in mice of the ICR 
strain that a majority of female fetuses receiving 50 
vg E> on Day 17 of gestation, when the hypothala- 
mic estrogen receptor concentration is thought to 
be considerably high [16], failed to show anovula- 
tory syndrome when adult [17]. The amount of E, 
is enough to induce masculinization of the 
neuroendocrine brain if given to neonatal female 
mice. Admitting that the concentration of 
estrogen receptors of the hypothalamus-POA in 
rats on Day 17 of gestation is sufficient to induce 
events after binding to E> if present in neonates, 
the neuronal competence of the hypothalamus- 
POA for masculinization may be underdeveloped 
in Day 17 fetuses. ; 

In the hypothalamus-POA and the amygdala of 
adult rats, sexual dimorphism has been reported in 
several morphological aspects, such as in the gross 
nuclear volume [3, 5, 6, 9, 20], the neuronal size 
[21], the pattern of synaptic organization [2, 4, 7, 
8]. Most of these morphological parameters were 
dependent largely on the steroid hormonal en- 
vironment during neonatal period. Sexual dimor- 
phism was also observed in neonatal rats. For 
example, in the POA the growth rate of dendritic 
extent and the neuronal size were larger in males 
than in females during the first 10 postnatal days 
[22], and the nuclear volume of the POA in 
neonates was also larger in male rats. 

On the other hand, the secretion of androgen 
from the testis was first detected on Day 15.5 of 
gestation in rats, and the concentration reached 
the maximum on Day 19.5 [23]. Plasma testoster- 
one concentration was the highest on Day 18 of 
gestation in male fetal rats which had significantly 
higher level of testosterone than did the females 
[24]. Furthermore, aromatization of androgen to 
estrogen has been demonstrated in monolayer 
cultures of Day 18 fetal rat hypothalamus [25]. If 
the converted estrogen plays a role on the mor- 
phogenesis in fetal rat brain, sexual dimorphism 
might well be observed during fetal life. Based on 
the observations that the volume of the medial 
preoptic nucleus (the sexually dimorphic nucleus 
of the POA) of adult rats was larger in neonatally 
castrated males than in intact females, Gorski et al. 
[5] suggested that morphological sexual dimor- 
phism may partially be differentiated prenatally. 
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However. the search for the sexual dimorphism 
during fetal life has not yet been successful. The 
date obtained by Jacobson ef al. [20] in fetal and 
postnatal rats did not show significant sex differ- 
ence in the volume of the medial preoptic nucleus 
in Day 20-22 fetuses, although sex difference was 
apparent in postnatal rats. Similarly, the present 
results in fetal rat preparations failed to exhibit the 
sex difference in E, response in cultures of the 
hypothalamus-POA. It may be likely that the 
developing sexual dimorphism in fetal rats, if any, 
due to different steroidal environment between 
sexes was restored to the neutral state by the 
mechanical cell harvest procedures in the present 
study and that the cells after dissociation had the 
same responsiveness to E5. 

Neither the percentage of unipolar, bipolar and 
multipolar neurons nor the number of neuronal 
process termini in E,-added cultures showed 
appreciable differences from those in control cul- 
tures. The present results of the effects of E, on 
the sprouting in fetal rats were inconsistent with 
our previous observations in cell preparations from 
neonates [14]. We have shown in neonatal rat 
preparations that the percentage of multipolar 
neurons was increased in cultures of the hypothala- 
mus-POA simultaneously with the stimulation of 
process length by E, and TP. In organotypic cul- 
tures of the hypothalamus-POA from neonatal 
mice, Toran-Allerand er al. [12] also reported that 
bifurcation probability did not differ between con- 
trol and E,-added cultures, but the number of 
dendritic branches from the soma was more in 
E.,-added cultures. However, Hammer and Jacob- 
son [22] have recently shown in the rats that the 
increase in neuronal size and the length of the 
longest dendritic extension in the sexually dimor- 
phic nucleus of the POA during the first 10 post- 
natal days was more in males than in females, 
while the number of primary and terminal den- 
drites was similar in both sexes. The present 
findings of the E, response of cultured neurons of 
the hypothalamus-POA from Day 21 fetuses 
accord well with theirs. It may be said that the 
increase in the neuronal process length is a sepa- 
rate morphogenetic event from the increase in 
number of primary neuronal processes and 
neuronal process termini. Accordingly, significant 


sumulation of the total neuronal process length by 
E, observed in cultures of the hypothalamus-POA 
from Day 21 fetuses may be due to the increase in 
each part of the neuronal processes. Thus, the 
morphological response of fetal rat neurons to E, 
was different from that of neonatal rat neurons, 
and the increase in neuronal process length was a 
common response to E, in culture. 
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ABSTRACT —Planarians aggregate on a piece of chick liver added in the glass vessel. This feeding 
behavior is thought to be a kind of chemotactic one. In the present study we have used blind worms to 
verify whether they can be attracted by the food source without visual information. Various substances 
were tested in Dugesia japonica japonica. Among 18 amino acids tested, only leucine and tyrosine 
showed the slight attractiveness. Bacto Peptone (Difco) strongly attracted the worms. The peptone was 
filtrated by Sephadex G 50 and the fractions of MW 2,000—5 ,000 daltons showed positive attractiveness. 
The fractions were resistant to DNase and RNase but sensitive to trypsin. Vitamins, sugars, nucle- 
osides, nucleotides, and nucleic acids failed to attract the worms. These results suggest that the 
chemical attractants for the planarians are the peptides consisting of about 10 to 50 amino acids residues. 


INTRODUCTION 


Animals in general use the sense of smell and 
visual sense to find out foods. However, planar- 
ians are largely dependent on chemical stimula- 
tion for searching foods. In the natural habitat, 
planarians are reported to feed upon a variety of 
invertebrates such as annelids, molluscs, crusta- 
ceans, and insect larvae [1]. In the laboratory, 
they also take all sorts of meat containing the 
diffusible juice. 

Pearl [2] have observed the food-finding be- 
havior of planarians. If resting worms were stimu- 
lated by the addition of the food, they first elon- 
gated their auricles. Then their head became de- 
tached from the substratum and waved slowly. 
The worms started gliding, but their movement 
was not precisely oriented. They often moved 
toward incorrect direction initially, but finally went 
Straight to the food source. In this food-finding 
process, Koehler [3] suggested that the worm 
found the direction of the food source by compar- 
ing the two informations arising from chemorecep- 


Accepted February 20, 1985 
Received November 5, 1984 


tors on left and right auricles. This was achieved 
when the concentration of attractant was_ suf- 
ficiently high. When the meat juice was much 
diluted, planarians swung the head from side to 
side, and compared the concentration of stimulant. 
In addition, the planarians may have a feedback 
system for satiety with food, because after feeding 
for a while the worm voluntarily leaves the food. 
So, the planarian brain may receive the informa- 
tion from the auricle receptors, the gut and others. 
After integration of the information, the brain will 
direct the cilia or muscles to move. 

Simple architecture of the planarian brain [4, 5] 
may be beneficial for the detailed biochemical and 
physiological investigation of animal behavior. In 
this paper, we will report that the eyes are not 
necessary for the search of food, and what sub- 
stances can effectively stimulate planarians as the 
chemical signal of food. 


MATERIALS AND METHODS 


The animals used were Dugesia japonica japoni- 
ca collected at Nikko which have been maintained 
as a large stock colony since 1978. They were 
cultured in glass vessels containing bubbled tap 
water at 20+2°C. The worms were fed small 
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pieces of chick liver weekly and the water was 
renewed twice a week. In this experiment, we 
used the adult worms longer than 18mm which 
had been starved for four to ten days. In this range 
of starvation period, no difference was observed in 
the behavior of the worms. 

To obtain the blind worms, we removed both 
eyes in ten worms by the negative pressure through 
a thin glass capillary. The diameter of the capillary 
tip was nearly the same as that of the eye cup of 
adult worms. We inserted the capillary into the 
eye and sucked up all the pigment cells together 
with some other cells of the eye. The worms were 
then incubated in the dark for 4hr. After the 
incubation, the wound was closed and the worms 
started to move again. At this time, the ability of 
phototaxis and chemotaxis of the worms were 
tested. 

To make the test agar, 0.05 g agar powder was 
dissolved in 4.5 ml of salt solution for planarian 
culture (PSS; NaCl 0.37 g, KCI 0.05 g, CaCl, 0.85 
g, NaHCO; 0.14 g/l DW) [6] and autoclaved. To 
this molten agar, 0.5 ml of the ten fold concen- 
trated sample solution was mixed to give a total of 
5 ml of hardened agar in a petri dish. This agar 
was cut into four blocks and one of them was used 
in one trial. 

The highest concentration to be applied was at 
first determined for all test substances except 
amino acids. If the concentration was too high for 
the worms to come to and touch the agar, the 
worms showed the active head turning reaction at 
the edge of the diffusion area. The area was 
discernible when we used the colored agar such as 
that containing 5% peptone. It reached to 5 to 
6cm radius. If the head turning reaction was 
observed around the agar, the concentration was 
gradually lowered until the worms directly touched 
the agar. 

Ten worms were transfered into a white plastic 
tray (30 x 21 cm) with 500 ml of culture water. The 
water temperature was 20°C. The tray was illu- 
minated by a 18 W fluorescent lamp 40 cm above 
the water surface. The worms were stimulated to 
glide by the light. Into this tray a piece of chick 
liver was added. At this time, we started recording 
the behavior of the worms. Every six seconds, the 
number of worms in contact with the liver piece at 
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Fic. 1. Planarian chemotaxis to chick liver. A piece of 
liver was added at Time 0 into a plastic tray where 
ten worms were gliding. The number of worms 
which were mounting on or contacting to the liver 
piece was counted at every six seconds. The total 
attraction period (shadowed area) was 124.3 min. 


least with a part of their body was counted. The 
results were shown in Figure 1. The attraction 
period during which the worms remained on the 
test material was calculated from the shadowed 
area of the figure. The average value of ten times 
trials was used for the analysis. 

Chemotactic substances in Bacto Peptone were 
partially purified by gel filtration chromatography 
on Sephadex G 50 column (1.665 cm) equili- 
brated with 0.03 M NH,CO3. The flow velocity 
was 50 ml/hr and fractions of 5 ml were collected. 
Optical density at 280 nm was measured in each 
fraction. The fractions were separately lyophilized 
and stored. In the test agar, the concentration of 
each fraction was adjusted to become the Op280 
equal to 2.0. 

The sensitivity of the attractant to trypsin, 
DNase, and RNase was assessed by incubation of 
10 mg/ml of this fraction in the presence of the 
enzyme (5 mg/ml) for one to 2hr at 30°C. At the 
end of the reaction, 1 ml of this mixture was added 
to 4ml of agar solution and heated to terminate 
the reaction and to dissolve the agar. Control agar 
was prepared in the same way; the same fraction 
and the enzyme were directly mixed to the agar 
and immediately heated. DNase I and RNase 
were purchased from P-L Biochemicals, and tryp- 
sin and Bacto Peptone were obtained from Difco. 


RESULTS 


When a piece of chick liver was placed among 
the gliding worms, they temporarily stopped glid- 
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FiG. 2. Phototaxis of normal planarian (a) and absence 
of phototaxis in blind planarian (b). The trays were 
illuminated by fluorescent light from one side (up- 
per). The worms were laid at the upper side and the 
photographs were taken after 10 sec. 


8 


Number of worms on agar 


5 10 15 20 25 X 
Time after addition of attractant (min) 


35 “0 


Fic. 3. Chemotaxis of blind planarian to agar block 
containing chick liver homogenate. 


chemoattraction {min.) 
50 100 


150 


Pss* 
Chick liver 
Liver homogenate* 


Liver in dialysis 
membrane 


Fic. 4. Chemoattraction periods of control agar and 
chick liver. Substances marked by (*) were dis- 
solved in the agar block. PSS: planarian salt solu- 
tion, NaCl 0.37g, KCI 0.05g, CaCl, 0.85 g, 
NaHCO, 0.14 g/litre DW. The values are the mean 
of ten times trials. Bar shows the standard devia- 
tion. 


ing by the shock traveled from the water surface 
and started to glide again. After several minutes, 
juice of the liver was diffused for some distance 
and reached the worm. The worm then turned the 
head to the liver piece and after some ill-orienta- 
tion, it successfully approached the liver. Figure 1 
shows that the first arrival of the worm was 5 min 
after the addition of the food. The worms came to 
the liver piece one after another and ate it for 10 to 


15 min. 

The satiated worms voluntarily left the food, 
and after 40 min of the observation period, all ten 
worms have left the liver. As the liver may be the 
most attractive material for the worm, 40 min may 
be the longest attraction period. Afterwords, all 
the chemotaxis assays were discontinued 40 min 
after the beginning of tests. The total attraction 
period of the chick liver was 124.3 min (Fig. 1). 

Figure 2b shows the ability of phototaxis in blind 
worms. Blind worms showed no sign of phototaxis 
when illuminated from one side. The ability of 
chemotaxis of these worms was immediately 
tested. Although they could receive no visual in- 
formation, the worms gathered around the at- 
tractant (Fig. 3). 

Figures 4 to 10 show what is the chemical signal 
for food in planarians. At first, chick liver 
homogenate was dissolved in the agar and tested 
(Fig. 4). The average attracting period was 73.5 
min. This was about a half of the attraction period 
of the liver piece, but the most attractive agar 
block in the present experiments. The control 
agar block which contained PSS attracted the 
worms for 3.6 min (Fig. 4). Agar dissolved in dis- 
tilled water showed similar results with PSS. 
Based on these data, when the attraction period 
was longer than 10 min, we assumed the test 
substance was attractive. 

When a piece of chick liver was packed in the 
dialysis membrane and placed among the worms, 
the attraction period was 36.8 min (Fig. 4). This 
suggested that the attractants were dialysable. 
Because planarians are predatory animals, we 
supposed that amino acids were the possible 
attractants. The results of tests of 18 amino acids 
were shown in Figure 5. The concentration was 
the same as the amino acid contents of the chick 
liver. Only leucine and tyrosine showed the posi- 
tive attraction exceeding 10 min. Mixture of all 18 
amino acids showed no activity. 

The results of assay of various vitamins for the 
ability to attract planarians are presented in 
Figure 6. None of them have attracted worms. 
Nucleosides, nucleotides, and nucleic acids listed 
in Figure 7 also had no effect on the behavior of 
the worms. We next tried to test the attractiveness 
in sugars (Fig. 8). Planarians did not gather to the 
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EUS AIA aging 
20 @) 


Alanine 
Arginine: HCl 
Aspartic acid 
Cystine 
Glutamic acid 
Glycine 
Histidine: HCl 
Isoleucine 
Leucine 
Lysine: HCl 
Metionine 
Phenylalanine 
Proline 
Serine 
Threonine 
Tryptophan 
Tyrosine 
Valine 


Mixture of | 
amino acids 


Fic. 5. Chemoattraction periods of amino acids. Con- 
centration was the same as the amino acid contents 
of chick liver. Final concentration in agar; Alanine 
8.4mM, Arginine 4.3mM, Aspartic acid 7.9mM, 
Cystine* 0.64mM, Glutamic acid* 9.7mM, Gly- 
cine* 9.4mM, Histidine 2.3 mM, Isoleucine 5mM, 
Leucine 9 mM, Lysine 6.8 mM, Methionine 2.4 mM, 
Phenylalanine 3.9mM, Proline 4.8mM, Threonine 
4.2 mM, Serine 4.1 mM, Tryptophan 0.8 mM, Tyro- 
sine* 2.3mM, Valine 7.5 mM. Amino acids marked 
by (*) were insoluble; they were suspended in the 
agar. The mixture was composed of each 0.1% 
amino acid in the final concentration. 


agar containing either glucose or sucrose. N- 
acetyl-D-glucosamine, the component of chitin, 
and other similar amines showed no activity. 
Dipeptides and tripeptides (Wako Pure Chemi- 
cals) also had no effect (Fig. 9). However Difco 
Bacto Peptone (0.5%) attracted the planarians for 
33.2 min. This was comparable to the liver packed 
in the dialysis membrane (Fig. 4). Because casein 
and hemoglobin failed to attract planarians in our 
preliminary experiments, we thought that the 
attractants were small peptides. To ascertain this, 
peptone was dialysed against distilled water using 
Spectrapore | and 3, of which the molecular cut off 
was 6,000-8,000 daltons and about 3,500 daltons 


attraction(min.) 
20 4O 


Ascorbic acid 
Biotin 
3-Carotene* 
Cyanocobalamin 
Folic acid 
Lipoic acid* 
Nicotinic acid 
Pantothenic acid 
Pyridoxine - HCl 
Riboflavin 
Thiamin: HCl 
Vitamin A* 


Fic. 6. Chemoattraction periods of vitamins. The con- 
centration of water soluble vitamins was 10° °M. 
Lipid soluble vitamins (*) were vigorously shaken to 
make milky suspension and hardened in agar. 


attraction(min.) 
20 4O 


Adenine 
Cytosine 
Guanine 


Thymine 

4 Nucleosides* 
Adenosine 
Cytidine 
Guanosine 
Thymidine 
4Nucleotides* 
cyclic AMP 
5’-AMP 

5'-ATP 


RNA 
(MW. 2000 ~ 6000 ) 


Fic. 7. Chemoattraction periods of nucleosides, nuc- 
leotides, nucleic acids. The final concentration was 
10°-*M except RNA. Commercial RNA (Wako 
Pure Chemicals) was digested by RNase for 2 hr and 
applied to Sephadex G 50 gel filtration. Fraction 25 
to 30 were mixed and concentrated to 5 ml. It’s 
Op 260 was 10.15. The mark (*) indicate the mix- 
ture of four nucleosides and four nucleotides. They 
contained each components at 10° M. 
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attraction(min.) 
20 40 


Glucose 
o-Glucosamine 
ov -Galactosamine 
N-acetyl-o- | 
glutosamine 
Inositol 
Sucrose 


Fic. 8. Chemoattraction periods of sugar. The final 
concentration was 10° M. 


attraction(min.) 
Pore AQ? ) 6D 
Gly - Gly 
Gly - Leu 
Gly -Tyr 
Glutation* 
Gly-Gly-Gly 
Peptone** 


Fic. 9. Chemoattraction periods of peptides. Gluta- 
tion (*) is a tripeptide glutamic cystic glycine. The 
concentration of Difco Bacto Peptone (**) was 
0.5%. The final concentration of other small pep- 
tides was adjusted to 10°? M. 


attraction(min.) 
20 40 


Pore 1 in 
Pore 1 out 
Pore 3 out 


Fic. 10. Chemoattraction periods of dialysates and un- 
dialysable fraction of peptone by two kinds of dialy- 
sis membrane Spectrapore 1 and 3 (Spectrum 
Medical Industries). 

Pore | in : MW. higher than about 7000 
Pore 1 out: MW. lower than about 7000 
Pore 3 out: MW. lower than about 3500 


respectively. Results are shown in Figure 10. The 
undialysable fraction with Spectrapore 1 (Pore | 
in) did not attract the worms. On the contrary the 
small peptides, dialysable to Spectrapore 1 and 3 
(Pore 1 out, Pore 3 out) showed the clear attrac- 


TRYPTOPHAN 


Vo INSULIN 


in.) 


S 


attraction(m 
uo 


8 12 16 20 24 28 32 
Fraction number 


Fic. 11. Ultraviolet absorption of peptone fractions 
filtrated by Sephadex G50 (upper) and _ their 
chemoattraction activity (lower). The fractions of 
bovine insulin (MW. 5,733) and tryptophan (MW. 
204.2) were indicated. The final concentration of 
test materials was adjusted as to Op 280 become 
equal to 2.0. 


tiveness. The dialysate of Spectrapore 1 was 
lyophilized and again dialysed with Spectrapore 3 
against a large amount of distilled water. The 
fraction (MW 3,500-8,000) showed the question- 
able attractiveness. The activity varied among 
tests. From these results, the attractants were 
thought to be the peptides smaller than about 
3,500 daltons. 

To know the molecular weight of the attractant 
more precisely, we applied the solution of the 
peptone to the Sephadex G 50 gel filtration. Five 
ml fractions were collected. As shown in Figure 
11, there were two peaks in the UV absorption 
(Op280) of the fractions. The fractions were 
lyophilized and stored separately. After several 
times of elution, each fraction was pooled until the 
final concentration of Op280 was equal to 2.0 in 
the test agar. A peak of chemoattraction activity 
of each fraction was observed in the fraction 25 
and 26 (Fig. 11). This indicates that the molecular 
size of the factor is in the range of 2,000—5,000 
daltons. In the next step the fraction 25 and 26 
were enzymatically digested. Lyophilized active 
fractions were incubated with RNase for 2 hr. In 
this condition, authentic RNA was cut into small 
fractions. But, the activity of the fraction 25 and 
26 was not cancelled by RNase digestion (Table 1). 
It retained 96% activity of the intact fractions. 
The same was said in the case of DNase digestion 
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Tas_e |. Sensitivity of peptone active fraction 
(PA) to digestive enzymes 


Attraction(min.) T/C(%) 
PA+ RNase 2 hr 10.45 96 
control 0 hr 10.93 
PA + trypsin 1 hr 1.93 18 
control 0 hr 10.70 
PA+ DNase 2 hr 10.50 115 
control 0 hr OnlD 


The mean chemoattraction periods of ten times 
trials are indicated. The percentage of chemoat- 
traction period of the test agar (T) to that of the 
control agar (C) is shown. 


test. However, when these fractions were incu- 
bated with trypsin for 1 hr, the attraction period 
was reduced to 1.9 min (18% of the intact frac- 
tions). These results indicate that the chemotactic 
substances in the peptone fractions were the pep- 
tides of which molecular weight was 2,000—5 ,000 
daltons, i.e., about 10 to 50 amino acids chain. 


DISCUSSION 


In planarian, some behavioral activities were 
reported such as phototaxis [7, 8], electrotaxis [2], 
thigmotaxis [2], rheotaxis [3], and chemotaxis [2, 
3]. Among these activities, the food searching 
chemotaxis is thought to be the most important 
reaction for the survival of the worm. The pre- 
sence of the sensory cilia in planarian auricle [9, 
10] suggested that the chemical signal was accepted 
by them. 

Then, what chemicals can attract the planarian? 
Planarians feed on the widespread animals from 
chitin-covered crustaceans to soft-bodied larvae of 
insects. They also eat chicken and mammalian 
liver in the laboratory. We searched for the com- 
mon substances in the foods above mentioned. 
Pearl [2] examined the chemoattraction of various 
chemicals. He reported that the planarians 
reacted to almost all the chemicals he tested 
including sucrose. Planarians showed negative 
reaction to the test solution when its concentration 
was high. On the other hand, if the concentration 
was lowered they responded with positive reac- 
tion. His results were at variance from those of the 
present findings. But, Pearl observed only the 
“initial turning reaction” of planarian anterior end. 


And in his two drops test, the worm in the water 
drop always moved into the sugar drop, however 
the worm then came back to the water again. He 
could not gather the worms into a place using 
chemical substances. In the present experiments, 
the agar block containing sugar did not attract the 
worms. But, we could gather the planarians to 
some test agar blocks. 

In this study we assumed the chemical attrac- 
tants for planarians were the peptides of MW 
2,000-5,000. But, there may be some attractants 
because in the present experiments not all the 
substances were tested. We noticed in other ex- 
periment the additional effect of the attraction 
period in the mixture (about 17 min) of tyrosine 
(10.7+5.5) and thiamine (8.4+5.3). Future study 
is needed for the effect of the mixture. 

Chemotaxis has been extensively investigated in 
bacteria, cellular slime molds, and leukocytes. 
Although these are all free living cells, these 
organisms offer the basic knowledge on the reac- 
tion of attractants and their receptors [11-15]. 
Croll and Chase [16] and Reingold and Gelperin 
[17] reported the electrophysiological activity of 
the brain during food searching behavior in mol- 
luscs. Their studies offered the knowledge on the 
brain control of food choice, satiation, and mem- 
ory. Molluscs sense the odor of the food such as 
vegetables. Because the water soluble chemicals 
can be handled more easily than volatile sub- 
stances, 1.e. food odor, we believe that planarians 
are suitable animal for the study of feeding be- 
havior. Mack Brown and Ogden [18, 19] recorded 
the electrical activities evoked in the eye cup of the 
planarian. It will be interesting to measure the 
electric activity of auricle receptor with or without 
peptone stimulation. 
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ABSTRACT —The relationship between the body size of neonates and starvation tolerance was 
investigated in the freshwater prawn, Palaemon paucidens de Haan. The mean survival time of the 
large (4.77 mm in mean body length) and small (3.88 mm) larvae at 20 C was about 8 and 5 days after 
hatch, respectively. The longer survival of the large larvae meant more progressed zoeal development, 
under conditions where the molting interval was the same between the two groups. The mean survival 
time in each group was very close to the time when the visible yolk disappeared from the body. 
Moreover, the amount of total carbon consumable during the starvation in an individual body was 
significantly greater in the large larvae (49% of the initial content) than in the small larvae (36%). 
These facts suggest that increased inner-stocked available energy was important for the greater 
starvation tolerance of the large larvae. On the other hand, a relatively low metabolic (oxygen 
consumption) rate in the large larvae, which was determined for the newborn Ist- and starving 2nd-stage 
zoeae, may be less significant for larval survivorship. The ecological significance of varied neonate sizes 


was briefly discussed. 


INTRODUCTION 


The size of neonates is regarded to be an 
important factor for survival and growth after 
independent life, particularly in aquatic animals 
whose parents do not nourish the young. The 
adaptive significance of neonate size and number 
in life history evolution has been investigated from 
various aspects, for example, competition poten- 
tial [1], size-specific mortality [2], predation [3], 
gene dispersal [4], available food resources [5, 6] 
and speciation [7]. 

Some field observations of aquatic animals sug- 
gested an intimate relationship between the size of 
neonates and external trophic conditions [8-13], 
inducing the hypothesis that the production of 
many small, and on the contrary, a few large 
neonates is the result of natural selection, 1.e., 
adapting to high or low, respectively, food supplies 
in the environment [5, 6]. This relationship should 


Accepted January 22, 1985 
Received January 17, 1984 


be further examined. 

It is noteworthy that a higher starvation toler- 
ance was indicated for the large neonates of sever- 
al aquatic species: fishes [14], cladocerans [15], 
prawns [16] and bivalves [17]. If this is a general 
trend, large neonates should have higher survival 
ability when faced with unfavorable food supplies, 
which offers an important clue to the above 
hypothesis. Ciechomski [18], however, reported a 
negative result with such a relationship in the 
anchovy larvae; starving neonates of different 
body size died at nearly the same time after hatch, 
having consumed inner yolk reserves. 

The present paper deals with relationships be- 
tween the body size of neonates and the survival 
and development under starvation conditions, in 
the freshwater prawn, Palaemon paucidens de 
Haan. 


MATERIALS AND METHODS 
P. paucidens is known to show marked differ- 
ences in the size and number of eggs (larvae) per 
clutch, among geographically far distant, or adja- 
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cent populations [19, 20]. Two groups of females 
carrying eggs of distinct size were collected from 
previous study sites [20] in the Sagami River of 
mainland Japan in the summers from 1982 to 1984. 
These females were kept separately in our labora- 
tory until the larvae hatched. The larvae usually 
hatched out in a single night from each mother 
prawn, so that the following morning when many 
free-swimming larvae were found was called the 
day of hatching. Thus, two groups of larvae, the 
large larvae of 4.77+0.17mm (mean+S. D.) in 
body length and the small larvae of 3.88+0.25 
mm, were formed. During the three years, the 
larval body size in each group did not significantly 
fluctuate. 

A cluster of 40 newborns per brood was placed 
in a transparent experimental vessel (15.05.0x 
20.0cm°) containing ca. 1.2 liters of charcoal- 
filtered water. They were kept at 20+1°C without 
food, and the number of survivors was counted 
every day. Dead individuals and exuviae were 
collected with a pipette, and the developmental 
stages of the dead individuals were microscopically 
determined according to Yokoya [21]. For con- 
trols, some larval clusters were fed sufficient 
amounts of brine shrimp (Artemia sp.) nauplii. 

Changes in the carbon and nitrogen content in 
the bodies of starving larvae were examined under 
the same external condition as above. From a 
cluster of about 70 initial newborns per brood, six 
large or ten small larvae were successively taken 
out every two days as a rule, until the number of 
survivors declined remarkably due to starvation. 
The larval specimens were microscopically ex- 
amined as to the state of yolk consumption, and 
analysed on a CHN-corder (Yanagimoto Co., 
Lid.) 

Oxygen consumption of the larvae was meas- 
ured for the Ilst-stage zoea within 12 hr after 
hatching, and for the 2nd-stage zoea which had 
been kept in starvation for three days after hatch at 
25°C. Five large or ten small larvae were placed in 
a closed 14-ml incubation flask and kept at 26.0+ 
0.2°C for 4 hr. The amount of dissolved oxygen in 
the flask after the incubation was measured with an 
oxygen electrode. The linearity between oxygen 
consumption and number of larval specimens per 
flask within the present incubation time was ascer- 


tained in advance. Water in the flask was not 
stirred during the incubation because the animals 
were freely swimming. The experimental flasks 
were run in triplicates for each brood, with dupli- 
cate controls (without larvae). 

Larval body length was measured for 10 new- 
borns per brood as described previously [20]. The 
mean body weight (dry weight, W; mg) of the 
lst-stage zoea in each brood was estimated from 
the mean body length (L; mm) from a formula 
obtained preliminarily, W=0.0115-L*!”? (r= 
0.996), which was operative for both the large and 
the small larvae. However, the body weight of 
starving 2nd-stage zoea was actually measured for 
all the broods, where the mass of about 50 to 100 
individuals per brood was dried at 60°C for 24 hr, 
and weighed to the nearest 0.1 mg. 


RESULTS 


Survivorship curves of the large and small larvae 
in starvation are given in Figure 1. It is apparent 
that the large larvae survived much longer than the 
small larvae. The point of 50% survivorship 
(when half of the initial specimens died) of the 
large and small larvae was about 8 and 5 days after 
hatch, respectively, and the mean survival time 
calculated was 8.0 and 5.2 days, respectively. 
Ist 
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Fic. 1. Survivorship curves for the large (open circles) 


and small (solid circles) larvae when they were 
starving (solid lines) or feeding (broken lines) at 
20°C. Each curve was drawn with the mean values 
from four replicates of starvation experiments, or 
more than three replicates of feeding experiments 
for different broods. The arrows indicate the day of 
larval molting; 1st-Sth, the first—fifth moltings after 
hatching. 
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When the larvae were fed, no significant difference 
in survivorship was recognized between the two 
groups. Cannibalistic predation (biting part of the 
body of dead individuals) was occasionally wit- 
nessed in the later course of the starvation experi- 
ment. However, the larval specimens examined 
here were all re-collected after death, without any 
loss in number. 

In every fed or unfed experimental cluster, the 
larvae repeated synchronous molting a few times, 
which was detected from the mass appearance of 
exuviae in a single night. Here, following morning 
when many exuviae were found was called the day 
of molting at a certain developmental stage of 
zoea. The large and small larvae which were fed 
both continued molting (accompanied with meta- 
morphosis) at constant intervals, i.e., at first, two 
days after hatching, and thereafter, every three 
days until at least the fourth molting, in all the 
clusters examined. This molting pattern was also 
observed in the starving larvae until the third 
(large larvae) or second (small larvae) molting, but 
it was lost thereafter as larval survival rate notice- 


TABLE 1. Mean survival rate (%) at each de- 
velopmental stage in the two groups of larvae 


Stage Large larvae Small larvae 
I 100* 100* 
I] 97.5 93.8 
lll 87.4 75.8 
lV 57.5 0 
V 3.1 0 


I—V, the first—fifth-stage zoeae. 
* The initial number of specimens was 160. 


TABLE 2. Mean values (+S. D.) of the dry body 
weight per individual (mg), and of the carbon 
and nitrogen content per unit body weight 
(mg/mg), for the two groups of larvae im- 
mediately after hatching 


Large larvae Small larvae 


No. specimens 10 broods 9 broods 
Body weight 0.348+0.040 0.203 + 0.031 
Carbon/weight 0.544+0.050*  0.50420.030" 


Nitrogen/weight 0.105+0.008** 0.101+0.006** 


at = 2.20; .P<0.05, 


Pil Saat oe ea 


ably declined. 

The mean survival rate of starving larvae at each 
developmental stage is summarized in Table 1. 
About half of the large larvae attained the 4th- 
stage zoea, whereas all of the small larvae died 
within the 3rd stage. Under conditions where the 
molting interval was the same between the two 
groups, the more progressed development of the 
large larvae was attributable to their prolonged 
survival time. 

Table 2 shows the carbon and nitrogen content 
per unit body mass in the two groups of larvae 
immediately after hatching. The carbon content 
was relatively high in the large larvae, but such 
dissimilarity was not detected for the nitrogen 
content. This implies that some specific com- 
pounds of high carbon content were packed in a 
higher degree in the bodies of large larvae. 

In the bodies of starving larvae, on the other 
hand, carbon was consumed more quickly than 
nitrogen (Fig.2). The amount of carbon con- 
sumed in an individual body was, on the average, 
49% of the initial content in the large larvae, and 
36% in the small larvae, at the time of 50% 
survivorship. This difference was significant (f= 
4.4, P<().005). In other words, about half of the 
initial content of carbon was available as a meta- 
bolic source during starvation for the large larvae, 
but only about one third was available for the small 
larvae. Respiration and production of exuviae 
were the major items of energy demand in this 
period. Immediately after hatching, both the large 
and the small larvae had several yolk masses in the 
cephalothorax region. The time when the visible 
yolk thoroughly disappeared from the larval body 
was, on the average, 9 (8-10 in range) days after 
hatch in the large larvae, and 6 (5-7) days after 
hatch in the small larvae. The time (day) of 50% 
survivorship was just one day before the yolk 
disappearance in each group. This suggests that 
the yolk reserves decisively controlled the mean 
survival time of starving larvae. 

Relationships between the rates of larval oxygen 
consumption per unit body mass and the individual 
body masses are represented in Figure 3. The 
oxygen consumption measured here is regarded to 
indicate larval metabolic activity in the free- 
swimming state. The rates of oxygen consumption 
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2. Changes in the carbon and nitrogen content in the bodies of starving large (open circles) and small 
(solid circles) larvae until near the time of 50% survivorship of specimens. The content was 
represented as percentages to the initial values obtained immediately after hatching. Each curve was 
drawn from the mean values from more than four replicates of experiments for different broods. The 
mean time (day) of 50% survivorship (the mark S, cited from Fig. 1) and of complete yolk disappearance 
from larval body (the mark Y) are indicated with arrows on each curve only for the carbon consumption. 


inversely correlated with the body masses in both 
the newborn Ist-stage zoea and the starving 2nd- 
stage zoea; the larger the larva was, the more the 
metabolic rate decreased. This relationship was 
expressed with negative power functions, though 
the negativity of slope was not statistically sig- 
nificant in the starving 2nd-stage zoea. Between 
the two zoeal groups of different ages, the 2nd- 
stage zoea exhibited a little higher rate (0.0S< P< 
0.1 for the two regression lines). 


DISCUSSION 


In starvation, the large P. paucidens neonates 
survived far longer, and developed into more 
progressed zoeal stages than the small neonates. 
Nearly the same result is known for the long- 
armed prawn Macrobrachium nipponense; many 
large neonates developed into 3rd-stage zoea, 
while all of the small neonates died within the 2nd 
stage ([16] and my unpublished data). The exter- 


nal medium for the present study was not bacteria- 
free, so that the prawn larvae were not completely 
starved in this sense. However, the distinct survi- 
vorship under the same external conditions is 
largely owing to varied internal characteristics be- 
tween the two groups of larvae. Although canni- 
balistic predation was occasionally observed in the 
later course of experiment, it is almost negligible 
when we compare the time of 50% survivorship. 
The mean survival time of starving larvae of this 
species seemed to be greatly controlled by the 
yolk reserves. Although the amount of yolk was 
not quantitatively treated in the present study, the 
higher carbon content in the bodies of large larvae 
may indicate more stocked yolk matter per unit 
body mass. This is probable because the major 
composition of yolk matter in decapod larvae 
consists of such substances of high carbon content 
as triglycerides and other lipids [22, 23]. More 
rapid consumption of carbon than of nitrogen in 
the starving larval body may be reflecting catabo- 
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plotted against individual body weight (W; mg) in both logarithmic coordinates. Open and 
solid circles, large and small Ist-stage zoeae, respectively; open and solid triangles, large and 
small starving 2nd-stage zoeae, respectively. Negativity of the slope was significant for the 


Ist-stage zoeae (P<0.001), but not for the 2nd stage (0.05<P<0.1). 


lism of the yolk lipids. At least, it is clear in Figure 
2 that the amount of inner carbon, or energy, 
available during starvation was significantly great- 
er in the large larvae, being unproportional to the 
body mass. 

Declines in the metabolic rate per unit body 
mass in larger individuals are broadly known in 
animals [24]. This decline is another potential 
factor in increasing the starvation tolerance of 
large neonates, because excessive energy exhaus- 
tion is depressed in them [25]. In Figure 2, the 
inner carbon of the larval body was consumed a 
little more slowly in the large larvae, which prob- 
ably corresponds to their lower metabolic (oxygen 
consumption) rate. However, the prolonged sur- 
vival time of the large larvae was scarcely due to 
the lower metabolic rate: Assuming that both the 
large and the small larvae die at the same degree of 


inner carbon decrease, for instance, 64% of the 
initial content (36% consumption), the difference 
in their survival time is very slight. Tessier et al. 
[15] remarked that body size or biomass alone was 
not a good predictor of starvation tolerance in 
cladoceran larvae, and lipid content was equally 
significant. 

The greater starvation tolerance of the large 
larvae may mean a higher chance of survival when 
faced with a temporary food shortage in the natu- 
ral habitat. For instance, Figure 4 represents a 
survivorship curve of the large larvae which were 
starved for 8 days after hatch at first, and fed 
thereafter. A great part of the survivors after the 
initial starvation recovered from the damage by it, 
and grew into the Sth-stage zoea. As shown in 
Figure 1, during the initial starvation for 8 days, 
the small larvae almost all died, whereas about half 
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Fic. 4. Survivorship curves of the large P. paucidens 
larvae which were fed on Artemia sp. nauplii after 
8 days of starvation from hatching (open circles), or 
successively starved thereafter (solid circles), at 
20°C. The result from duplicate experiments for 
different broods are indicated. The initial number 
of specimens (30 survivors after the starvation) Is 
represented as 100%. 


of the large larvae were still alive. However, this 
problem should be further studied with the preva- 
lent cause of larval mortality in the field. 

It is interesting that both the large and the small 
larvae continued molting (metamorphosing) at the 
same interval under the condition of feeding (Fig. 
1). At the time of hatching, no morphological 
difference was remarked between them. Accord- 
ing to Nishino [26], developmental patterns did not 
significantly differ until the Sth-zoeal stage among 
P. paucidens larvae of distinct sizes from geo- 
graphically far distant populations, but develop- 
mental variations appeared after that among them. 
It is unlikely that the change of egg size in this 
species has a direct connection with abbreviation 
or modification of early stages of larval develop- 
ment which is known in some caridean shrimps and 
prawns with yolk-rich large eggs [27, 28]. 
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Vampirolepis shirotanii sp. n. (Cestoidea: Hymenolepididae), 
with Records of Known Cestodes, from Bats of Japan! 


ISAMU SAWADA2 


Biological Laboratory, Nara University of Education, 


Nara 630, Japan 


ABSTRACT — Hymenolepidid cestodes, five (including a new) species were recorded from cave bats 
collected at various places in Japan in 1984. Vampirolepis shirotanii sp. n. is described from the greater 
horseshoe bat, Rhinolophus ferrumequinum nippon, of Imajo-cho, Fukui Prefecture. V. shirotanii most 
closely resembles V. iriomotensis, but differs from it in longer neck and rostellum, larger rostellar sac, 
seminal receptacle, internal and external seminal vesicles and position of genital pores (located at a little 
posterior to the middle vs. located at a little anterior to the middle). 


In succession to the investigation in 1983 [1], a 
large number of bats were examined for cestodes 
to obtain supplementary data on the helminth 
fauna of bats in Japan. This paper reports a new 
cestode with records of the known hymenolepidid 
cestodes, from bats in Japan. 


MATERIALS AND METHODS 


Bats were collected at various places in Japan 
(Fig. 1) from January to November, 1984. The 
bats were autopsied immediately after capture at 
the collection sites. Their alimentary canals were 
cut open as soon as possible and fixed in Carnoy’s 


fluid. After being soaked in 45% acetic acid for 30 
min for expanding, they were stored in 70% 


alcohol. In order to examine the inner structure of 
mature proglottides, interference contrast light 
microscope was used. Measurements are given in 
millimeters. 


RESULTS 


Bats examined and cestodes obtained are shown 
in Table 1. 


Accepted January 31, 1985 
Received January 7, 1985 

! This paper corresponds to “Helminth Fauna of Bats in 
Japan XXXIII”. 

2 Present address: Biological Laboratory, Nara Sangyo 
University, Sanzo, Nara 636, Japan 


Vampirolepis Spassky, 1954 


Vampirolepis shirotanii sp. n. 
(Fig. 2) 

Of two bats, Rhinolophus ferrumequinum nip- 
pon, collected at a manganese abandoned mine at 
Imajo-cho, Fukui Prefecture, on July 14, 1984, one 
was found infected with a specimen of this new 
cestode and 37 specimens of Hymenolepis rasho- 
monensis Sawada, 1972, and the other bat with a 
specimens of H.rashomonensis. 

Description: Medium-sized hymenolepidid; ma- 
ture worm 43 long and 0.9 wide. Metamerism 
distinct, craspedote, margins serrate. All proglot- 
tides wider than long. Scolex 0.280 by 0.336, not 
sharply demarcated from strobila. Rostellum 
0.140 long by 0.077 wide, armed with a single circle 
of 31 spanner-shaped hooks 0.018 long. Hook 
handle long; guard round at its end, slightly short- 
er than blade; blade sharp at its end. Rostellar sac 
elongated, 0.224 long by 0.126 wide, extending 
posteriorly to suckers. Suckers round, 0.112 in 
diameter. Neck slender, 0.445 long and 0.226 
wide. Genital pores unilateral, located at a little 
posterior to middle of proglottid margins. Cirrus 
sac pyriform, 0.175-0.196 by 0.049-0.063, extend- 
ing anterolaterally beyond osmoregulatory canals. 
Internal seminal vesicle, 0.105-0.126 by 
(0.049-0.056, enlarging to fill proximal portion of 


cirrus sac. External seminal vesicle elongate, 
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Fic. 1. Map showing the collection sites of 


0.119-0.175 by 0.077-0.105. Testes three in num- 
ber, ovoid, 0.119-0.147 by 0.070-0.084, arranged 
in form of triangle, one poral and two aporal. 
Vagina posterior to cirrus sac and external seminal 
vesicle. Seminal receptacle dorsal to ovary, 
measuring 0.196—-0.231 by 0.077-0.098. Ovary 
bilobed, 0.280-0.294 wide, situated in anterior 
field of proglottid. Vitelline gland compact, 0.070 
by 0.077, situated in posterior field of proglottid 
near midline in space between first and second 
testes. Uterus arising directly from ovarian lobes 
as a lobe sac, gradually enlarging, filling all avail- 
able space in senile proglottides. Eggs spherical or 
ellipsoidal, 0.046-0.049 by 0.035-0.042, sur- 
rounded by four envelopes; outermost chorion 
slightly thick, with smooth surface. Onchospheres 
spherical, 0.028—0.032 by 0.028; embryonic hooks 
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bats. For locality number, see Table 1. 


0.014 long. 
Type host: Rhinolophus ferrumequinum nippon. 


Site of infection: Small intestine. 
Type locality and date: Imaj6o-cho, Fukui Pre- 


fecture; July 14, 1984. 
Type specimen: Holotype NUE Lab. Coll. No. 


8501. 
Remarks: The present new species closely re- 
sembles V. iriomotensis [2], from R. imaizumii in 
the number and length of rostellar hooks. How- 
ever, it differs from V. iriomotensis in the longer 
neck (0.445 vs. 0.175); the longer rostellum (0.140 
vs. 0.049); the larger rostellar sac (0.169-0.231 by 
0.077-0.098 vs. 0.084 by 0.042); the larger internal 
seminal vesicle (0.105—0.126 by 0.049-0.056 vs. 
0.070 by 0.035); the larger external seminal vesicle 
(0.119-0.175 by 0.077-0.105 vs. 0.035-0.042 by 
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Fic. 2. Vampirolepis shirotanii sp. n. a: Scolex. b: Rostellar hooks. ¢: Mature proglottid. d: Egg. 


0.035) and the position of genital pores (located at 
a little posterior to the middle vs. a little anterior 
to the middle). 


Vampirolepis isensis Sawada, 1966 [3] 
Host: Rhinolophus cornutus cornutus, R. cor- 


nutus orit. 
For localities, see Table 1 and Figure 1. 


Vampirolepis hidaensis Sawada, 1967 |4} 
Host: Miniopterus schreibersii fuliginosus, 
M.schreibersti blepotis. 


For localities, see Table 1 and Figure 1. 


Vampirolepis ogaensis Sawada, 1974 [5] 
Host: R. ferrumequninum nippon. For locali- 


ties, see Table 1 and Figure 1. 


Hymenolepis Weinland, 1858 
Hymenolepis rashomonensis Sawada, 1972 |6| 


Host: R. ferrumequinum nippon. For localities, 


see Table 1 and Figure 1. 
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Taste 1. Localities and dates of cave bats examined and their cestode parasites in 1984 
Number of bats 
Host species Date of 
Cave and locality collection Cestode found 


examined infected % 


Rhinolophidae 


(1) Rhinolophus cornutus cornutus 


4) Fumuro abandoned mine Apr. 4 1 0 0 
Takefu-shi, Fukui Pref. Nov. 22 10 0 () 
8) Akakura abandoned mine May 27 6 1 7 Vampirolepis 
Kamikitayama-mura, Nara Pref. Sensis 
9) Rydjin-d6 A Jill, ZS 3 0 0) 
Iwami-ch6o, Tottori Pref. 
11) Inome-ana Nov. 17 6 17 Vampirolepis 
Hirata-shi, Shimane Pref. Isensis 
20) Kamba oni-no-ana Apr. 8 Z, 0 0 
Katsuyama-ch6, Okayama Pref. 
(2) Rhinolophus cornutus orit 
21) Akaushi-do Jan. 18 NS 1 7 Vampirolepis 
Tokunoshima-ch6, Kagoshima Pref. ISenSIS 
22) Tomiei-d6 Jan. 18 8 1 13 Vampirolepis 
Tokunoshima-ché, Kagoshima Pref. isensis 
23) Mukdda-d6 Jan. 18 ] 0 0 
Tokunoshima-ch6, Kagoshima Pref. 
24) Ojima-d6é Jan. 19 5 l 20 Vampirolepis 
Isen-ch6, Kagoshima Pref. ISENSIS 
25) Disused air-raid shelter Jan. 19 3 0 0 
Amagi-ché, Kagoshima Pref. 
26) Abandoned mine Jan. 19 8 1 13 
Tokunoshima-cho, Kagoshima Pref. 
(3) Rhinolophus ferrumequinum nippon 
2) Hakuba-d6 Nov. 23 5 5 60  Hymenolepis 
Izumi-mura, Fukui Pref. rashomonensis 
3) Disused air-raid shelter Nov. 22 3 2 67  Hymenolepis 
Takefu-shi, Fukui Pref. rashomonensis 
5) Abandoned mine Jul. 14 2 D 100 H.rashomonensis & 
Imaj6-ch6, Fukui Pref. V. shirotanii sp. n. 
6) Artificial cave Jul. 15 1 1 100 H. rashomonensis 
Tsuruga-shi, Fukui Pref. 
15) Sea-eroded cave Nov. 11 4 2, 50 H. rashomonensis 
Nishinoshima-cho, Shimane Pref. 
16) Artificial cave Nov. 11 1 1 100 H. rashomonensis 
Nishinoshima-cho, Shimane Pref. 
17) Disused air-raid shelter Nov. 11 2) D) 100 H. rashomonensis 
Ama-cho, Shimane Pref. 
18) Disused house Nov. 11 1 0 0 
Ama-cho, Shimane Pref. 
20) Kamba oni-no-ana Apr.8 6 3 50 H. rashomonensis 


(4) Rhinolophus imaizumii 


29) Otomi-daini-d6 Jan. 24 18 0 0 
Taketomi-cho, Okinawa Pref. 


Vesperitilionidae 


(5) Myotis macrodactylus 


7) Abandoned mine May 3 3 0 0 
Hokusei-cho, Mie Pref. 
9) Rydjin-d6 A Jul. 25 IS 


10) Rydjin-do B 
Iwami-cho, Tottori Pref. 
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Taste |. (Continued) 
Se eee 


Host species Date of 
Cave and locality collection 


(6) Miniopterus schreibersii fuliginosus 
10) Ryujin-d6o B Jul. 
12) Tagi-no-ana A 

Tagi-cho, Shimane Pref. or 


26 


fas 5s 


13) Tagi-no-ana B Nov. 17 
14) Abandoned mine Nov. 10 
Saig6-ch6, Shimane Pref. 
19) Sea-eroded cave Nov. 11 
Ama-cho, Shimane Pref. 
(7) Miniopterus schreibersii blepotis 
24) Disused air-raid shelter Jan. 18 
Amagi-cho, Kagoshima Pref. 
25) Abandoned mine Jan. 19 
Tokunoshima-ch6, Kagoshima Pref. 
27) Shoryu-d6 Jan. 21 
_ Chinan-cho, Kagoshima Pref. 
29) Otomi-daini-do Jan. 24 
(8) Nyctalus lasiopterus aviator 
1) Tree Mar.18 
Hipposideridae 
(9) Hipposideros turpis 
28) Otomi-d6 Jan. 24 


Taketomi-cho, Okinawa Pref. 


ACKNOWLEDGMENTS 


This study was supported by a Grant-in-Aid for Scien- 
tific Research from the Ministry of Education, Science 
and Culture, Japan. I am indebted to Mr. Masashi 
Harada, Laboratory of Experimental Animals, Osaka 
City University Medical School, for his generous coop- 
eration. Thanks are also due to Messers. Junji Oohata, 
Yoshinori Shirotani, Hiroshi Saito, Futoshi Nozu, Kanji 
Ishiwara, Rydichi Inoue, Hideaki Kamiji and Miss Mi- 
tsuko Yamazaki for collecting bats. 


REFERENCES 
1 Sawada, I. (1984) Cestodes of bats from Japan, 


Number of bats 


; Cestode found 
examined infected % 
a ] 20 V. hidaensis 
12 | s V. hidaensis 
1 l L100 V. hidaensis 
3 Q 0 
2 () (0) 
l 0 0) 
3 0) () 
15 0) 0 
17 l 6 V. hidaensis 
] 0) 0) 
13 0 0 


with descriptions of new species of the genus Vampir- 
olepis (Cestoda: Hymenolepididae). Zool. Sci., 1: 
820-827. 

Sawada, I. (1983) Helminth fauna of bats in Japan 
XXIX. Annot. Zool. Japon., 56: 209-220. 

Sawada, I. (1966) On anew tapeworm, Vampirole- 
pis isensis, found in bats with the table of the 
morphological features of tapeworms in Vampirole- 
pis. Japan. J. Med. Sci. Biol., 19: 51-57. 

Sawada, I. (1967) Helminth fauna of bats in Japan 
II. Japan. J. Parasitol., 16: 103-106. 

Sawada, I. (1974) Helminth fauna of bats in Japan 
XV. Annot. Zool. Japon., 47: 103-106. 

Sawada, I. (1972) Helminth fauna of bats in Japan 
XI. Bull. Nara Univ. Educ., 21: 27-30. 


1 
a if 
a 
i 7 ui 
} 44 A : ; t , 
yrs i; i sD ih 
‘ i iS 1 r in. iV 
) 7 one , a 71.4 
| cot me shelenragt Ml 
| fi a, iL i Se <1 ed, 
ym - 
' F 
“itpitwe A 
NCE (A Sef 
i a 
i 1c Pil 
; ’ : ma Tad .' j 
i 
is 
° “ 
fi . 
j 
Ca¥; 
t Pais 
’ “ti 
} 
z 
— 
j ) 
i 
i 
2) 
1 
4 
} 
sou 
1 
¥ 
5) 
: ( 
' 4 
é 
B 
a 7 
x 
‘ eh 4 m= yi 
t 
mh 
~ 
™~ 
e - 
= \ 
~ a) 
¢ 
a i 


ZOOLOGICAL SCIENCE 2: 411-413 (1985) 


[COMMUNICATION] 


© 1985 Zoological Society of Japan 


Effects of ¥-Irradiation of Fish Embryos under 
Frozen Conditions on Survival and Hatching 
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ABSTRACT— Embryos of the fish Oryzias latipes were 
irradiated with 2.3 kR of ¥-rays for one minute at 25°C 
or —20°C, and then transferred to 25-28°C and incu- 
bated. Non-irradiated embryos kept at 25°C and those 
exposed to —20°C served as controls. About a half of 
the frozen embryos survived 3 days after the cooling, 
regardless of the irradiation. The lethal effects of radia- 
tion appeared at the time of hatching in the groups 
irradiated at 25°C and at —20°C. The radiation and 
freezing effects on the hatchability and on the induction 
of abnormality are synergitic, and no indication of any 
decrease in radiosensitivity under the frozen condition 
was observed. 


INTRODUCTION 


In some simple biological systems, such as bac- 
teria, yeast, and seeds, a decrease in sensitivity to 
ionizing radiation under frozen conditions has 
been reported. The change in radiosensitivity has 
been interpreted as being due to a decrease in the 
indirect action of radiation, because freezing inter- 
feres with the production of free radicals as well as 
with their diffusion to sensitive sites within the cell 
bee 

However, in animal cells, our information on 
the radiation effects on frozen condition is scanty. 
Mammalian embryos have been successfully pre- 
served at —196C since the first success in mouse 
had been reported [3]. Furthermore little loss of 
viability of 7Y- irradiated embryos at the levels of 
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up to 84x background radiation during storage for 
29 months has been demonstrated [4]. But no 
viable embryos after freezing at — 196°C have been 
reported in another vertebrates. In a series of 
experiments, we have examined the effects of Y- 
rays on the hatchability of the eggs of the teleost 
fish Oryzias latipes, under various conditions [5, 
6]. Recently, we have succeeded in obtaining 
some viable embryos and fry after the exposure of 
the embryos to —30-—20°C, and the cooling 
conditions necessary to increase the survival rate 
were analyzed. In this report, the results of pre- 
liminary experiments designed to study the mod- 
ification of radiation effects by the cooling of 
embryos in Oryzias latipes are dealt with. 


MATERIALS AND METHODS 


The materials were embryos of the orange-red 
variety of the teleost fish Oryzias latipes. The 
fertilized eggs used had been obtained from the 
vent of matured females. These fish had been held 
in tap water in stock aquaria indoors all the year 
round at the temperature of 25—28°C under 14 hr 
light/10 hr dark photoperiod. The eggs were incu- 
bated at 25-28°C in tap water. In the preliminary 
experiments, the schedules of the time course of 
freezing and thawing (cooling rate, holding time at 
minimum temperature, thawing rate, etc.), the 
concentration of dimethyl sulfoxide (DMSQ) as a 
cryoprotectant, and the developmental stages of 
the embryos were changed, and the mortality rate 
of the frozen embryos was examined. (The results 
of the freezing and thawing experiments under 
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various conditions will be published elsewhere). 
On the basis of the preliminary experiments, the 
following conditions were chosen for the present 
irradiation experiments: Embryos at stage 22 of 
Matsut’s table [7] (the beginning of optic-vesicle 
formation) were soaked in 1.5 M dimethyl sulfo- 
xide in Yamamoto’s Ringer solution and were 
cooled at the cooling rate of —0.3°C/min in a pair 
of plastic tubes. On reaching —20°C, one tube 
containing embryos was exposed to a single dose of 
2.3kR of '*’Cs yY-rays for one minute. During the 
irradiation, the tube was kept at —20°C. The 
other tube, containing embryos frozen at —20°C, 
was kept in a cooled Dewar flask as a control. In 
both samples, the temperature during cooling and 
thawing was monitored by means of a copper- 
constantan thermocouple directly immersed in 
each sample; it was recorded by means of a 
recorder. After thawing, the samples were kept at 
25-28°C and incubated. The mortality rate, the 
hatchability, and the malformation of embryos 
were observed under a bionocular microscope. 
Besides, embryos irradiated at 25°C and kept 
under the same conditions except for the tempera- 
ture served as controls. The numbers of embryos 
used are shown in Table 1. 


RESULTS AND DISCUSSION 


The results are summarized in Table 1. In the 
non-irradiated control group (Group A), the 
embryos hatched at an average of 6.4+0.7 days 
after fertilization. In the group irradiated at 25°C 
(Group B), all the embryos survived 3 days after 
irradiation, and the hatchability was 90 per cent. 
It is worth mentioning that the lethal effects of 
Y-rays did not appear at all within 3 days after the 
treatment. In this group, about 2/3 of the hatched 


fry were abnormal in morphology, and hatching 
was delayed about 1.6 days. These results were in 
agreement with those of our previous experiments 
[S, 6]. About 55 per cent of the frozen embryos 
survived freezing and thawing (Group C), and 42 
per cent could hatch. Hatching was delayed about 
1.8 days on the average. The lethal effects 
appeared rapidly upon the freezing treatment. 
The survival of the frozen embryos within 3 days 
after the cooling was not reduced by 2.3 kR of 
Y-irradiation (Groups C and D). However, the 
hatchability was markedly reduced and abnormal- 
ity increased by the irradiation of the frozen 
embryos. The differences between the irradiated 
and the non-irradiated groups were larger in the 
frozen groups (Groups C and D) than in the 
nonfrozen groups (Groups A and B) in both the 
hatchability and abnormality of the fry. Even if 
the radiation effects were compared in terms of the 
rate of those hatched per surviving embryos 3 days 
after the cooling, the effects were stronger in the 
frozen groups. In other words, the freezing to 
—20°C and the 7-irradiation of 2.3 kR synergisti- 
cally affected the survival and development of the 
embryos of the medaka. The embryos exposed to 
—20°C died shortly after the treatment, but the 
lethal effects of Y- rays appeared a few days after 
the exposure. The difference in the time and 
mode of death may indicate that the mechanisms 
of lethal effects are different between cooling and 
radiation. The embryos exposed to —20°C were 
frozen in appearance; however, it is not clear 
whether all the inside structures of the embryos 
were frozen. 

So far as the present results are concerned, no 
decrease in the radiation effects as a result of the 
frozen condition was observed. On the contrary, 
synergistic effects of both treatments were indi- 


Taste |. Effect of Y-irradiation of embryos at —20°C on their survival and development 
Percentage Percentage Hatching 
Group Treatment Number of servived hatched time [days] 
Cooling Irradiation ©MOrYS used GQ gay 3 days Total Normal Mean+SD 

A a = 44] 100 100 100 96 6.4+£0.7 

B = ate 468 100 100 90 33) 8.042.4 

S ag a 455 3) S50 42 723) So2/2E 1! 6 

D ae te 447 59 54 1] I 9). 3ar ll 
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cated. The difference between the results of this 
experiment from those of simple biological mate- 
rials may suggest quantitative difference in con- 
tribution of direct action of radiation in lethal 
effects between simple biological materials such as 
plant seeds and fish eggs. 
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ABSTRACT—The contents of intracytoplasmic cortical 
granules in mouse Ova were not stained with tannic acid, 
whereas those ejected into the perivitelline space after 
fertilization were strongly stained, suggesting that certain 
chemical modifications may occur in the cortical granule 
materials when they are released into the perivitelline 
space. 


Cortical granules are membrane-limited, spher- 
ical bodies commonly found in the cortical cyto- 
plasm of unfertilized invertebrate and vertebrate 
ova. Their size varies considerably among animal 
species; in mouse ova, they measure about 0).3-0.5 
yam in diameter. The precise chemical nature of 
their contents still remains obscure, but some 
histochemical and cytochemical studies have 
shown that the cortical granules in mammalian ova 
contain glycoproteins [1, 2]. 

At fertilization, the majority of cortical granules 
fuse with the ovum plasma membrane and release 
their contents into the perivitelline space. Since 
the standard electron microscopic fixation method 
using glutaraldehyde and/or formaldehyde only 
insufficiently preserves glycoproteins in tissues [3], 
the ultrastructural aspects of release of cortical 
granule materials are still not fully clarified. Szol- 
losi [4], and also Gordon et al. [5], using a mixture 
of ruthenium red with glutaraldehyde or formal- 
dehyde, reported that the cortical granule mate- 
rials released into the perivitelline space are 
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strongly stained with ruthenium red, while the 
contents of intracytoplasmic cortical granules re- 
main unstained. However, since ruthenium red 
has been known to be useful only for the staining 
of extracellular materials, owing to its poor 
penetration through intact plasma membrane [6], 
it remains uncertain in the above studies whether 
the cortical granule materials change their staina- 
bility with ruthenium red before and after release 
into the perivitelline space. 

First introduced by Mizuhira and Futaesaku [7], 
tannic acid fixation has widely been used to en- 
hance electron density in a variety of both ex- 
tracellular and intracellular structures, including 
extracellular matrix materials, cell surface coats, 
cell membranes, cellular junctional structures, 
microtubules, microfilaments, and lipid droplets 
(cf. [6-12]). In the present study, this fixation 
method is used to investigate the ultrastructural 
aspects of release of cortical granule materials 
occurring in fertilized mouse ova. 

Unfertilized ova in antral follicles were obtained 
from adult females of Sle: ICR mice by puncturing 
isolated ovaries. Fertilized ova were flushed from 
the oviduct of mated females on the morning of the 
day on which a vaginal plug was present. These 
ova were fixed either with Karnovsky’s paraform- 
aldehyde-glutaraldehyde fixative (cacodylate- 
buffered at pH7.4) (standard fixation) or with 
Karnovsky’s fixative containing 2% tannic acid 
(J. T. Baker Chem. Co.) (tannic acid fixation) for 
1 hr at room temperature. Post-fixation was car- 
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ried out with Dalton’s chrome-osmium fixative 
(pH 7.2) for Lhr at 4°C, and epon-embedding was 
done using Quetol 812. All the ultrathin sections 
were double-stained with a routine method using 
uranyl acetate and lead nitrate before observation 
with an electron microscope. 

In the unfertilized mouse ova prepared by stan- 
dard fixation, cortical granules were filled with fine 
particulate materials of moderate electron-density 
(Fig. 1). After tannic acid fixation, the granular 
and filamentous components of zonae pellucidae 
were strongly stained, as already reported in rat 
ova [13], but no discernible changes were noticed 
in the contents of cortical granules (Fig. 2). In the 
fertilized mouse ova prepared by tannic acid fixa- 
tion, various stages of the fusion of cortical gra- 
nules with the ovum plasma membrane were 
found. In the cortical granules just before attach- 
ment to the ovum plasma membrane, their con- 
tents still remained unstained with tannic acid 
(Fig. 3). In the granules whose limiting mem- 
branes were fused with the ovum plasma mem- 
brane, however, their contents were strongly 
stained with tannic acid and transformed into 
coarse granular structures, a part of which is 
ejected into the perivitelline space (Fig. 4). Just 
after the completion of ejection, the tannic acid- 
stained cortical granule materials remained as 
spherical aggregates on the surface of ovum plas- 
ma membrane (Fig.5), but gradually scattered 
throughout the perivitelline space (Fig. 6). In the 


Fic. 1. 
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fertilized ova prepared by standard fixation, the 
cortical granule materials ejected into the peri- 
vitelline space were largely extracted (Fig. 7). 

The present study revealed that the cortical 
granule materials change drastically their stainabil- 
ity with tannic acid before and after the release 
into the perivitelline space, suggesting that certain 
chemical modifications may occur in the cortical 
granule materials when they are ejected into the 
perivitelline space. Since the available knowledge 
concerning the reaction of tannic acid with active 
tissue groups is limited and insufficient [7-10], it is 
quite unknown what kind of modifications may 
occur in the released cortical granule materials. 

The fact that the contents of intracytoplasmic 
cortical granules are not stained with tannic acid 
may not be due to the impenetrability of tannic 
acid through the ovum plasma membrane, since 
they also remained unstained with tannic acid in 
such sections where numerous globular precipi- 
tates were formed all over the cytoplasm and 
nucleoplasm of the ovum (date not shown). These 
precipitates have been known to occur sometimes 
in tissues fixed with tannic acid-containing fixa- 
tives, perhaps owing to the strong precipitating 
activity of tannic acid on proteins [6], and their 
occurrence all over the cytoplasm and nucleoplasm 
indicates the complete penetrance of tannic acid 
throughout the ovum. 

In mammals, the functional significance of cor- 
tical granules in fertilization still remains obscure 


Cortical granule in fully-grown mouse ovum prepared by standard fixation. Fine particulate materials of 


moderate electron-density occupy its core. «81,000. 


Fic. 2. Corticai granule in fully-grown mouse ovum prepared by tannic acid fixation. Granular and filamentous 
components of zona pellucida are strongly stained (ZP), but no changes are found in the content of cortical 
granule. 81,000. 

Fic. 3. Tannic acid fixation of fertilized mouse ovum. Cortical granule is shown just before attachment to the ovum 
plasma membrane. Its content remains unstained with tannic acid. x 100,000. 

Fic. 4. Tannic acid fixation of fertilized mouse ovum. The limiting membrane of cortical granule has fused with the 
ovum plasma membrane. The content of cortical granule is strongly stained with tannic acid, and transforms into 
coarse granular structures, a part of which is ejected into the perivitelline space (arrow). 81,000. 

Fic. 5. Tannic acid fixation of fertilized mouse ovum. Cortical granule materials ejected into the perivitelline space 
are strongly stained, and remain as a spherical aggregate on the surface of ovum plasma membrane. * 51,000 

Fic. 6. Perivitelline space of fertilized mouse ovum prepared by tannic acid fixation. Cortical granule materials 
stained with tannic acid have scattered into the perivitelline space (arrows). 71,000. 

Fic. 7. Standard fixation of fertilized mouse ovum. Cortical granule materials ejected into the perivitelline space 


are largely extracted (arrow). 81,000. 
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[14]. The present study may offer some new clues 
for study of this problem. 
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ABSTRACT—The ZW and WW females of Armadilli- 
dium vulgare were completely masculinized by the im- 
plantation of androgenic glands. In these masculinized 
females, the androgenic glands primordia developed into 
the androgenic glands at the cephalic ends of the newly- 
formed testes. By the implantation of these newly- 
formed androgenic glands to the young females, the 
external sexual characteristics and internal reproductive 
organs of the recipients were masculinized. Therefore, 
the primordia of the androgenic glands in the genetic 
females could develop into functional androgenic glands 
which synthesize and secrete the androgenic gland hor- 
mone. 


INTRODUCTION 


Young females of Armadillidium vulgare were 
completely masculinized by the implantation of 
androgenic glands [1]. Mating of the masculinized 
females with normal females produced progenies 
with a ratio of one male to three females. One- 
third of all these females produced only female 
progenies when they were mated with normal 
males. These findings showed that the females 
were heterozygous for sex chromosome (ZW). 
WW females were viable and reproductive, and 
masculinized by the implantation of the 
androgenic glands as well as normal ZW females. 
In functionally masculinized ZW and WW 
females, the androgenic glands developed at the 
cephalic ends of newly-formed testes [2-4]. Im- 
plantation of the newly-formed androgenic glands 


Accepted January 18, 1985 
Received November 26, 1984 


of masculinized females were briefly reported in 
Armadillidium vulgare |2|, Porcellio dilatatus, Hel- 
leria brevicornis [5] and Orchestia gammarella [6]. 

In the present paper, newly-formed androgenic 
glands in ZW and WW females were implanted 
into young normal females to examine their ability 
to masculinize the recipients. 


MATERIALS AND METHODS 


Armadillidium vulgare was used in this inves- 
tigation. The androgenic glands of masculinized 
females identified as ZW or WW by the progeny 
test were used as grafts. One hundred and forty 
testes and 99 androgenic glands developed in 43 
masculinized ZW females and 163 testes and 116 
androgenic glands developed in 43 masculinized 
WW females. Three androgenic glands taken 
from ZW or WW males were implanted into each 
young normal female (4.0-—4.5 mm_ in_ body 
length). The methods of implantation were the 
same as described previously [1]. As the control, 
three androgenic glands from mature normal 
males were implanted into young females of the 
same size. 

Development of male genitalia in the females 
was examined as a criterion of masculinization of 
the external sexual characteristics. The length of 
the endopodite of the first pleopod and the width 
of the fourth thoracic segment were measured in 
the same manner previously described [7]. Young 
males (4.0—4.5 mm in body length) were also used 
to observe the development of external sexual 
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Tas_e 1. Masculinization of females by implantation of WW, ZW and ZZ androgenic 
glands 
Origin of the Implanted Masculinized females / Surviving females 
androgenic gland females Ist molt 2nd molt 3rd molt 4th molt Sth molt 
ZW AG 31 24/25 20/23 18/22 17/21 14/18 
WW AG 34 26/30 19/28 18/26 17/25 17/24 
ZZ AG 30 26/26 LWZS DBS 23/25 22/24 


Length of the endopodite of the 1st pleopod 
/ Width of the 4th thoracic segment 


implantation 1st 2nd Srd 4th 5th 


Postoperative molt 


Fic. 1. Masculinization of the endopodite of the first pleopod after the implantation of 
three androgenic glands. Body length at the time of implantation was 4.0—4.5 mm. ((] 
—[]): WW AG implantation, (A--—-.- A): ZW AG implantation, (Q-:-:: OQ) AZ 
AG implantation, (@-------@): Normal male. 
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: S weary characteristics. The internal reproductive organs 
of the externally masculinized females were ex- 
amined anatomically after the fifth postoperative 
molt. Some of the masculinized animals were 
fixed in Bouin’s solution for histological studies. 
Sections cut in paraffin were stained with De- 
lafield’s haematoxylin and eosin. The maximum 
diameter of the vas deferens relative to the width 
of the fourth thoracic segment was measured for a 
comparison of the results for the three kinds of the 
implantation. 


RESULTS AND DISCUSSION 


The average number of androgenic glands of 
one ZW and one WW male, used as donors, was 
2.3 and 2.7 respectively. Since one normal male 
has 6 androgenic glands, these numbers were 
smaller than those in a normal male, but there was 
no significant difference in the formation of the 
androgenic glands between the masculinized WW 
and ZW females. A high rate of masculinization 
of female was observed by implantation of either 
androgenic glands of males or newly-formed 
androgenic glands in females (Table 1). 

Figure 1 summarizes the masculinization of the 
endopodite of the first pleopod by implantation of 
three kinds of the androgenic glands. The endopo- 
dites in the masculinized females elongated poste- 
riorly along with the successive postoperative 
molts. There was no significant difference in mas- 
culinization of the endopodite of the first pleopod 
among the three genotypes of androgenic glands. 
The formation of penial bud was observed at the 
first or second postoperative molt in the females 
given implants. In the normal males measuring 
4.0—4.5 mm in body length, the penial buds were 
already present. After the fifth postoperative 
molt, the genitalia of the masculinized females 
became essentially the same to those of normal 


Fic. 2. Transverse sections of the genital organ of mas- 
culinized female produced by the implantation of 
newly-formed androgenic glands in WW females. 
(A) Developing seminal vesicle (sv) and testis (t). 
Spermatozoa is observed in the seminal vesicle. 
Scale= 100 um. (B) Fully developed testes (t). 
Scale = 100 um. (C) A developing androgenic gland 
(ag). Scale=25 um. 
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Taste 2. Masculinization of internal reproductive organs by the implantation of 3 androgenic 
glands 
Karyotype of Observed No. of recipients No. of No. of Diameter of vas deferens/ 
AG origin recipients with developing testes testes AG width of 4th thoracic segment 
ZW 13 7 16 7 0.056 £0.003* 
WW 17 Il 30 13 0.057 £0.002 
ile Le, 18 49 28 0.054 £0.002 
iorace glo 20) 20 1) 120 0.089 0.005 
the same age 
= Mean==S5E- 


males. 

The status of internal reproductive organs in the 
masculinized females is presented in Table 2. The 
seminal vesicles and vasa deferentia well de- 
veloped in all recipients (Fig. 2A). The maximum 
diameter of the vas deferens relative to the width 
of the fourth thoracic segment did not differ 
significantly in any of the three genotypes of the 
donors, but differed significantly from the intact 
male at the same stage. It seems that this differ- 
ence was due to the difference of the sensitivity to 
the androgenic gland hormone between the exter- 
nal sexual characteristics and the internal sexual 
organs [7]. The developmental stage of newly- 
formed testes and androgenic glands were essen- 
tially the same even in different origin of implants. 
Spermatogenesis was evident in most of the newly- 
formed testes (Fig. 2B). In well masculinized reci- 
pients, spermatozoa were found in the distal re- 
gion of the vasa deferentia. Androgenic glands 
also developed in the apical region of the newly- 
formed testes (Fig. 2C). All the masculinized 
females retained developed oviducts but in which, 
ovarian growth was inhibited. 

Our data show that the primordia of the 


androgenic glands of both ZW and WW females 
develop into functional androgenic glands which 
induced development of male gonad and 
androgenic gland in young female. This means 
primarily induced and developed androgenic gland 
in female secreted enough amount of the 
androgenic gland hormone to induce secondarily 
development of testis and androgenic gland in 
young female. 
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ABSTRACT — In the compound ascidians, Amaroucium 
multiplicatum and Leptoclinum mitsukurii, zone 7 of the 
endostyle is histochemically stained for peroxidase. 
These results accord well with those described for soli- 
tary ascidians. In the doliolid, Doliolum nationalis, a thin 
epithelial sheet contiguous to zone E of the endostyle is 
stained for peroxidase. This epithelial sheet is termed 
zone F and may be homologous to zone 7 of the ascidian 
endostyle. Since peroxidase is an enzyme related to 
activation of iodine, these zones may be involved in 
possible iodine metabolism in these animals. 


The protochordate endostyle is generally consid- 
ered as the progenitor of the vertebrate thyroid 
gland. However, the endostyle is primarily a 
mucus-secreting organ and the “thyroidal activity” 
is restricted to a specialized region of the endostyle 
[1]. In solitary ascidians, appendicularians, and 
amphioxus, such a specialized region was revealed 
commonly by autoradiography of iodine [2-4] and 
occasionally by histochemistry of peroxidase [5-8], 
an enzyme that activates iodine and catalyzes the 
formation of thyroid hormones [9]. In the remain- 
ing groups of protochordates, however, the thy- 
roidal activity of the endostyle has been poorly 
studied. In compound ascidians, only a few auto- 
radiographical studies have been carried out 
[10-12] and there are no histochemical studies of 
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peroxidase. In Thaliacea, endocrinological study 
of the endostyle has not been reported. This paper 
deals with the histochemical distribution of perox- 
idase in the endostyle of compound ascidians and 
the doliolid (a group of Thaliacea). 


MATERIALS AND METHODS 


Compound ascidians, Amaroucium (= Apli- 
dium) multiplicatum (Sluiter) and Leptoclinum (= 
Diplosoma) mitsukurii (Oka), were collected near 
Oki Marine Biological Station of Shimane Uni- 
versity in April. Amaroucium belongs to Polycli- 
nidae and Leptoclinum belongs to Didemnidae. 
Both families belong to Aplousobranchia which 
consists of compound ascidians exclusively. The 
doliolid, Doliolum nationalis Bogert, was collected 
by a plankton net near Oki Marine Biological 
Station in July. The individuals studied were 
gonozooids. 

Within one hour after collection, small pieces of 
colonies of compound ascidians and individuals of 
Doliolum were fixed in 5% glutaraldehyde in 
0.1 M phosphate buffer (pH 7.6) for 3 to 4 hr at 
about 6 C. After fixation, tissues were rinsed in 
0.1M phosphate buffer (pH 7.6) containing 5% 
sucrose overnight at about 6'C. During rinse, the 
dorsal wall of the branchial sac was removed in 
compound ascidians and in Doliolum the body was 
sectioned transversely at the level of the second 
muscle band so that endostyles were exposed 
directly to media. The exposure of the endostyle is 
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necessary in order to obtain an uniform result. It 
is especially true in Doliolum, because in intact 
animals reaction medium does not penetrate 
enough into the branchial sac even if the mouth is 
widely open. Tissues were incubated according to 
the method of Graham and Karnovsky [13] with 
slight modifications. The incubation medium con- 
sists of 0.05% 3, 3’-diamino-benzidine tetrahy- 
drochloride (DAB) , 0.01% hydrogen peroxide 
(HO), and 0.05M Tris-HCl buffer (pH 7.6). 
The incubation was carried out for one hour at a 
temperature between 20 and 23°C. Tissues were 
also incubated in media lacking DAB and in media 
lacking H,O>. After incubation, the tissues were 
rinsed in distilled water and dehydrated by ethanol 
and embedded in paraffin. The branchial sac in- 
cluding the endostyle was sectioned transversely at 
8 um. The sections were mounted on slide glass 
with Diatex resin. 

For the histological observations, the branchial 
sac and the endostyle of compound ascidians were 
fixed in Bouin’s solution and embedded in par- 
affin. Sections were stained with paraldehyde 
fuchsin and Masson-Goldner’s method. The 
doliolid was fixed in 5% glutaraldehyde. Sections 
were stained with hematoxylin. 


RESULTS 
Compound ascidians 


The endostyle of both Amaroucium and Lepto- 
clinum consists of the median bottom zone (zone 


1) and the lateral walls which could be divided into 
8 zones (Figs. 1 and 2). Zones 2, 4, and 6 are 
glandular tracts. Zones 3 and 5 are intervening 
ciliary tracts. Zones 7, 8, and 9 constitute the 
upper lip of the endostyle. Among them, zone 8 is 
densely ciliated. There is no essential difference in 
the organization of the endostyle between com- 
pound ascidians and solitary ascidians, although 
the endostyle of compound ascidians is much 
smaller. See [12, 14] for further details of the 
endostyle of compound ascidians. 

Zone 7 is the only zone that is stained for 
peroxidase in the endostyle of both Amaroucium 
and Leptoclinum (Figs. 3 and 4). In the branchial 
sac of Amaroucium, both cilia and the apical part 
of epithelial cells of stigmata are moderately 
stained for peroxidase. In Amaroucium, blood 
cells containing large spherical bodies are intensely 
stained for peroxidase. In Leptoclinum, neither 
the branchial sac nor blood cells are stained for 
peroxidase. In this species, a membrane covering 
the branchial sac appears black, but the color is not 
attributable to peroxidase activity, because it also 
appears after incubation in DAB-free medium. 


The doliolid 


The structure of the endostyle of the phorozooid 
of Doliolum nationalis has been described in some 
details [15-17]. The endostyle of the gonozooid is 
similar to that of the phorozooid, although zone B 
appears larger in the gonozooid than in the phor- 
ozooid (Figs. 5 and 6). Cells of zone A occupy the 


All figures represent transverse sections of endostyles. 
Pics |. 


Amaroucium multiplicatum. Numerals indicate zones so numbered. Cells of zone 1 possess long cilia. 


Zones 3 and 5 are so small that they are not clearly seen. bb, branchial bar. Aldehyde fuchsin and 


Masson-Goldner’s staining. x 320. 


FIG.2; 
Masson-Goldner’s staining. 320. 


Fic. 3. 


Leptoclinum mitsukurii. Zones 1, 7, and 8 are so labeled. bb, branchial bar. Aldehyde fuchsin and 


Amaroucium multiplicatum. Arrows indicate peroxidase-positive zone 7. Branchial bars (both sides) and 


blood cells (three dark structures) are also stained for peroxidase. The endostyle was slightly obliquely 


sectioned so that it appears widely open. 320. 
Fic. 4. 


Leptoclinum mitsukurii. Arrows indicate peroxidase-positive zone 7. The membrane covering the endo- 


style and branchial sac is dark, but the color is not related to peroxidase reaction. 320. 


Fic. 5. 


Fic. 6. 
Dark dots represent cell nuclei. 


F 
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Doliolum nationalis. Hematoxylin staining. x 480. 


Diagrammatic picture of the endostyle of Doliolum nationalis. Each zone is designated alphabetically. 


G.7. Doliolum nationalis. Arrows indicate peroxidase-positive zone F. x 480. 
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bottom of the endostylar groove and their nuclei 
are located apically. Zones B and D are lateral 
glandular tracts and nuclei of cells of these zones 
are located basally. Zone C intervenes between 
zones B and D, and consists of densely aggregated 
small cells. Zone E occupies the fringe of the 
mouth of the endostylar groove and is very small. 
The small region distally contiguous to zone E is 
called the “épithélium pharyngien” or “épithélium 
du pharynx” by earlier workers, but we would like 
to designate this region as “zone F”. 

Zone F is the only region that is stained for 
peroxidase (Fig. 7). In the black and white mi- 
crophotographs, the enzyme reaction appears to 
be weak. Under the microscope, however, brown 
coloration is distinct. The epithelium around 
branchial slits (stigmata) is not stained for perox- 
idase. 

Both in the compound ascidians and Doliolum, 
there are virtually no differences in the distribution 
and density of brown deposits between the prepa- 
rations incubated in complete medium and those 
incubated in H,O,-free medium. However, no 
brown deposits are observed in the preparations 
incubated in DAB-free medium. 


DISCUSSION 


Brown deposits observed in this study may be 
attributable to peroxidase reaction, because those 
deposits were not found in the preparations incu- 
bated in DAB-free medium. Brown deposits were 
observed in the preparations incubated in H,O,- 
free medium, but an elimination of HO, from 
incubation medium does not serve as a good 
control incubation for enzyme reaction, because 
the absence of H,O, in medium failed to abolish all 
the brown deposits either in the rat thyroid gland 
[18] or in the endostyle of solitary ascidians [7]. 

In the compound ascidians, Amaroucium and 
Leptoclinum, cells of zone 7 were the only cells 
that showed peroxidase reaction in the endostyle. 
In an autoradiographical study, Barrington [10] 
noted that iodine is accumulated around zones 7 
and 8 in Botryllus. Kennedy [11] studied several 
species of compound ascidians with an autoradio- 
graphical method and demonstrated iodine in the 
upper lip of the endostyle, although zonal distribu- 


tion was unclear. With the same technique, Fuku- 
moto [12] revealed iodine in zones 7 and 8 of the 
endostyle of the compound ascidians, Amar- 
oucium constellatum and Perophora viridis. These 
autoradiographical studies support the present 
histochemical study of peroxidase, which implies 
that iodine may be activated in zone 7. The in- 
volvement of zone 8 in iodine metabolism may be 
minor, if any, in Amaroucium multiplicatum and 
Leptoclinum mitsukurii, because peroxidase was 
not detected histochemically in zone 8 in these 
species. 

In solitary ascidians, cells of zone 7 were stained 
for peroxidase, although the intensity of reaction 
varied among species [7]. In these ascidians, the 
species difference is also striking in terms of zonal 
distribution of peroxidase in the endostyle [7], but 
it also should be remembered that there are no 
species in which zone 7 of the endostyle does not 
show peroxidase activity at all. In compound asci- 
dians such as Didemnum moseleyi, Clavelina fasci- 
culata, Botrylloides sp., and Botryllus sp., zone 7 
of the endostyle is also stained for peroxidase 
(Hamagami, unpublished observations). There- 
fore, zone 7 should be considered as the main site 
of peroxidase reaction in ascidians in general. 

In Amaroucium, moderate peroxidase reaction 
was found in the branchial sac, but in Leptoclinum 
no reaction was observed in the branchial sac. 
Some blood cells were stained for peroxidase in 
Amaroucium, but not in Leptoclinum. Kobayashi 
et al. [7] also noted that there are large species 
differences in the stainability of peroxidase in the 
branchial sac and blood cells in solitary ascidians. 
It is possible that iodine is metabolized in the 
branchial sac and blood cells, because these struc- 
tures are shown to incorporate iodine in auto- 
radiographical studies at least in some species [11, 
19]. However, the endostyle may be the most 
important iodine-metabolizing organ of ascidians, 
because there are no ascidians whose endostyle 
does not show peroxidase reaction at all, while 
there are species of which branchial sac and/or 
blood cells are not stained for peroxidase. 

In Doliolum, zone F was the only region that 
was stained for peroxidase. The region is close to 
the upper glandular tract (zone D) with interven- 
ing small zone E. Zone F is certainly a homologue 
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of zone 7 of the ascidian endostyle both in terms of 
general topological organization and peroxidase 
stainability. Therefore, the term “épithélium 
pharyngien”™ once applied to this region [15] may 
be inappropriate. The region should be included 
in the endostyle. Thyroxine was extracted from 
the salpid, Salpa maxima, [20] which constitutes 
Thaliacea together with the doliolid and the pyro- 
somid. Therefore, peroxidase-positive zone F is a 
very probable candidate site for iodine metabolism 
in Thaliacea. 
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ABSTRACT— Effects of neonatal administration of 
monosodium glutamate (MSG) on Lee-index, endocrine 
organ weights and the secretory activity of pars interme- 
dia cells in quantitative fine structures were investigated 
in mice at 1, 5 and 10 months of age. Mice treated with 
MSG (4 mg/g body weight) from 5 to 10 days of neonatal 
life showed obesity and stunted growth when they grew 
adult. Endocrine organs like the pituitary, thyroids, 
adrenals and testes decreased in weight except for the 
adrenal gland at 1 month of age. The pars intermedia 
cells of the pituitary showed a cytological sign of 
hypersecretion in MSG-treated animals at 1 and 5 
months of age. A significant increase both in the percent 
area of r-ER and the number of immature Golgi granules 
and a concomitant decrease in the numerical density of 
secretory granules were observed in the pars intermedia 
cells. However, these morphological changes were no 
more detected in MSG-treated mice at 10 months of age. 
These results suggest that MSG-induced lesions of the 
hypothalamic arcuate nucleus attenuated the dopa- 
minergic inhibitory influence on the pars intermedia for, 
at least. about 5 months after the treatment. 


Neonatal administration of monosodium L- 
glutamate (MSG) has been reported to produce 
acute lesions in neurons of the hypothalamic arcu- 
ate nucleus [1, 2]. Adult rodents treated neonatal- 
ly with MSG manifest disturbances in various 
endocrine functions. Concerning the pars inter- 
media function, however, no changes in 
circulating a-melanocyte stimulating hormone (a- 
MSH) level have been reported after MSG treat- 
ment in rats [3, 4]. The pituitary content of a- 
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MSH in MSG-treated rats is controversial. While 
a significant decrease was noted in a-MSH concen- 
tration of the pars intermedia [3], no alteration in 
the total amount of a-MSH in the pituitary gland 
have been demonstrated [5]. It is well known that 
the secretion of a-MSH by the pars intermedia is 
under the inhibitory control of dopaminergic fibers 
originating within the hypothalamic arcuate nucle- 
us [6, 7]. The present morphometrical study was 
undertaken to determine the effects of MSG- 
induced lesion of the arcuate nucleus on the ultra- 
structure of pars intermedia cells. In addition, the 
degree of obesity and the weight of some endo- 
crine glands were also studied. 


MATERIALS AND METHODS 


Newborn male mice of the dd-strain were given 
daily subcutaneous injections of MSG (4 mg/0.02 
ml saline/g body weight) or equal volume of saline 
successively from 5 to 10 days of neonatal life [8]. 
Naso-anal length and body weight were recorded 
at respective ages indicated. Animals were sac- 
rificed by decapitation at 1, 5 and 10 months of 
age. Endocrine glands such as the pituitary, 
adrenals, thyroids and testes were removed and 
weighed. The pituitaries were fixed with glutaral- 
dehyde and OsO, and processed routinely for 
electron microscopy. Epon-embedded parasagit- 
tal thick sections of pituitaries were stained with 
toluidine blue and examined with a light micro- 
scope. Differences among individual animals 
within a group were not great with regard to the 
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tissue preservation and the appearance of light and 
dark cells of the pars intermedia. Based on the 
light microscopic criteria, 3 mice in each ex- 
perimental group were chosen for the mor- 
phometric analysis. Approximately 50-60 electron 
micrographs of the pars intermedia cells at xX 
10,000 were prepared from each experimental 
group. The percent area of the cytoplasm occu- 
pied by the rough surfaced endoplasmic reticulum 
(% r-ER) [9], and the numerical density of secre- 
tory granules and of immature Golgi granules were 
calculated as described previously [10]. Statistical 
analysis was performed using Student’s f-test. 


RESULTS AND DISCUSSON 
1. Lee-index and endocrine gland weights 


Lee-index, a measure of obesity [11], was signif- 
icantly greater in MSG-treated mice than the 
controls at 5 and 10 months of age (Table 1). 
These findings are in agreement with the previous 
studies [12-14] showing that significant obesity was 
developed at 110 days of age in rats [12] and at 12 
weeks of age in mice [14]. 

The weights of the pituitary, thyroids, adrenals 
and testes were significantly decreased in MSG- 
treated mice. Only one exception was for adrenal 
weight at 1 month of age (Table 1). Atrophy of 
endocrine glands by MSG treatment is associated 
with alterations of the endocrine function; 
hyposecretion of prolactin and growth hormone 
[13] and reduction in the pituitary content of 


TaBLe 1. 
months of age (Mean +standard error) 


growth hormone and luteinizing hormone [12]. 


2. Pars intermedia cells of the pituitary 


Percents r-ER increased significantly in neona- 
tally MSG-treated mice at 1 and 5 months of age 
indicating a rise in protein synthesis in the pars 
intermedia cells (Fig. 1-A). Well developed Golgi 
apparatus was provided with many immature gran- 
ules (Golgi granules) showing an enhanced granule 
formation in the pars intermedia cells in MSG- 
treated mice at 1 and 5 months of age (Fig. 1—B). 
While the numerical density of secretory granules 
was low in | and 5 month-old MSG-treated mice 
(Fig. 1-C). Cellular content of secretory granules 
represents a balance between synthesis, storage 
and release. In this connection, the rise in protein 
synthesis in r-ER, the enhanced granule formation 
in the Golgi apparatus and the concomitant de- 
crease in the number of secretory granules are 
interpreted as indicating that granule release ex- 
ceeded granule formation. Neuronal degeneration 
in the arcuate nucleus of the hypothalamus by 
neonatal MSG treatment [8] seems to have attenu- 
ated the dopaminergic inhibition of the arcuate 
nucleus resulting in the hypersecretion of pars 
intermedia hormones. 

However, the MSG-induced hyperfunction of 
the pars intermedia did not last for 10 months. 
The decrease both in % r-ER and the number of 
Golgi granules at 10 months of age from the levels 
1 or 5 months after MSG treatment is cytological 
signs of regression in protein synthesis and granule 


The Lee-index and endocrine organ weights in neonatally MSG-treated mice at 1, 5 and 10 


Age Organ weight (mg/10g body weight) 
al Treatment Lee-index 
(month) Pituitary Thyroid Adrenal Testis 
Saline(10)  377.4+7.8 0.67 +0.05 0.63 + 0.04 0.88 + 0.05 Sl, ilae I) 
MSG(12) 386.1+3.8 0.48 + 0.02* 0.39 +0.04* 1.10 +0.04* 18.0+2.4** 
Saline(10) 365.7+5.8 0.70 +0.02 0.73 + 0.08 0.69 + 0.06 Zool ae IS 
oO 
MSG(12) 446.8+5.9** O2Ss- 0:02 O32 220.02" O95 a20 02" Wea) O"* 
10 Saline(11) 368.8+3.9 0.69 +0.03 0.69 + 0.06 0.63 +0.02 DAO Ee lal 
MSG G0) )-4210-E3)27* OSA 0 025s ().3t3 ae 002° 0.49 + 0.06* [SSE Ore 
Lee-index=‘/body weight /naso-anal length x 10°. 
* p<0.01. 
** p<0.001 vs. saline control. 


Number of animals is given in parentheses. 
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formation (Fig. 1-A, B). Concomitant increase in 
the storage of secretory granules in the cytoplasm 
is an indication of release inhibition (Fig. 1-C). 
This may be related to the fact that effective doses 
of neonatal MSG administration produce an 80% 
loss of neuronal perikarya within the arcuate nu- 
cleus in the mouse [15] and 50-60% loss in the rat 
[16]. Hence it seems to be reasonable to assume 
that in spite of profound destruction of the 
hypothalamus by neonatal MSG treatment, some 
compensatory changes might occur in the survivals 
of neurons within the arcuate nucleus and exerted 
dopaminergic inhibition over the pars intermedia 
cells long after the treatment. In addition, the 
neuronal lesion induced-supersensitivity to dopa- 
mine of the pars intermedia cells may not be 
excluded, as reported in prolactin cells of the 
pituitary suggesting the supersensitivity of the cells 
to dopaminergic inhibition in long term hypothala- 
mic-lesioned rats [17, 18]. 
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Self or Non-self Discrimination in Ascidians 


YASUHO TANEDA!, YASUNORI SAITO? and HIROSHI WATANABE? 


‘Faculty of Education, Yokohama National University, 156 Tokiwadai, Hodogaya-ku, 
Yokohama 240, and Shimoda Marine Research Center, University of Tsukuba, 
5—l0-1 Shimoda, Shizuoka 415, Japan 


Among the vertebrates, even the most primitive 
forms, the Agnathans possess a specific immune 
system with an antibody response and rejection of 
foreign grafts. Invertebrates, on the other hand, 
have long been considered to be lack of this system. 
However, recent studies concerning the phy- 
logenetic development of immunity suggest that 
the origins of immunological reactivity lie within 
the invertebrates [1-4]. 

Ascidians, a group of protochordates, are situ- 
ated in a point of contact between invertebrates 
and vertebrates. The vertebrates are genetically 
considered to be evolved directly from these 
animals [5]. In many groups of compound ascid- 
ians, a phenomenon exists which is analogous to 
transplantation specificity, known as _ colony 
specificity. All ascidians possess lymphocyte-like 
cells [6-10] and these cells exhibit some properties 
like vertebrate lymphocytes, such as X-irradiation 
sensitivity [11, 12], ability of forming rosettes with 
sheep erythrocytes [3] and lectin receptors on their 
surfaces [13]. Therefore, it is in ascidians that 
many immunologists expect to elucidate the origins 
of the specific immune system of the vertebrates. 


ASCIDIAN IMMUNE-LIKE RESPONSES 


Diverse ascidians respond to foreign materials 


Received April 8, 1985 
Contributions from the Shimoda Marine Research 
Center, No. 447. 

? Present address: Hopkins Marine Station, Stan- 
ford University, Pacific Grove, California 93950, 
U.S.A. 
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by a number of cellular and humoral defense 
mechanisms. Humoral responses show the pre- 
sence of natural agglutinins and anti-microbial 
factors. Cellular responses include phagocytosis, 
encapsulation, and contact reaction. 


Humoral substances 


One of the earliest work concerning ascidian 
humoral substances which exhibit immune-like 
response was carried out by Cantacuzene [14]. 
According to him, Phallusia mamillata can produce 
a nonspecific precipitin to rabbit serum after 
multiple injections into the endostyle sinus. Then, 
Tyler [15] reported that agglutinins to spermatozoa 
from some invertebrates existed in the sera of 
Ciona intestinalis and Styela barnharti. In recent 
years, agglutinins to mammalian erythrocytes have 
been found in some ascidians and some of these 
hemagglutinins have been partially characterized. 
These hemagglutinins are summarized in Table 1. 


Cellular responses 


Although Metchinikoff’s idea on the importance 
of phagocytic cells in the defense mechanisms 
against pathogens has long been recognized as 
true for vertebrates, it has been ignored that such 
cells may also play a major role in the defense 
mechanisms of invertebrates. In recent years, 
however, the role of phagocytic cells in the defense 
mechanisms of invertebrates has been reexamined 
{cf. 24]. In the solitary ascidian, Molgula manhat- 
tensis, injecte es were taken up by several types 
; ~Blood cells of another 
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TABLE 1. Summary of the occurrence of agglutinins in some ascidians 
Species Response to Reference 


Ciona intestinalis 
Ascidia ceratodes 
A. malaca 
Botrylloides leachii sheep erythrocytes 
Styela plicata 
Halocynthia hilgendorfi 
H. pyriformis 

H. papillosa human erythrocytes 
Microcosmos sulcatus human erythrocytes 


Phallusia mamillata human erythrocytes 


vertebrate erythrocytes 
invertebrate spermatozoa 
rabbit & human erythrocytes 


mammalian erythrocytes 
mammalian erythrocytes 
mammalian & avian erythrocytes 


Wright and Cooper [16], Wright [17] 
Tyler [15] 

Parinello and Canicatti [18] 
Coombe et al., [19] 

Fuke and Sugai [20] 

Fuke and Sugai [20] 

Anderson and Good [21] 

Bretting and Renwrantz [22] 
Bretting and Renwrantz [22] 
Parinello and Canicatti [23] 


mammalian erythrocytes [26]. 

When introduced foreign materials are relatively 
large in size, these are not phagocytized, but usually 
encapsulated. In ascidians, encapsulation occurs 
to isolate natural invaders [27—29] or experimentally 
inserted objects [25, 30-32]. Vacuolated blood 
cells, such as morula cells or vanadocytes, are 
responsible for these reactions [10, 25]. 

Recently, nonphagocytic cellular reaction called 
contact reaction has been reported in the solitary 
ascidians [33, 34]. According to Fuke [33], when 
isolated blood cells from two species were brought 
into contact in vitro, both cells reacted against 
each other, resulting in reciprocal lysis of both 
cells. Moreover, blood cells from two individuals 
of Halocynthia roretzi were found to exhibit the 
same type of cellular reaction depending upon the 
combinations. 


COLONY SPECIFICITY IN 
COMPOUND ASCIDIANS 


In 1903, Bancroft [35] reported an important 
and informative work on the compound ascidian 
Botryllus schlosseri. We described that colonies 
of different origin did not fuse together after 
grafting, regardless of the conditions. In fact, 
they rejected each other. However, fragments 
from any one single colony easily fused together. 
Some of the F; colonies developing from larvae 
released by one parental colony fused, but others 
did not. He attempted to explain these phe- 
nomena on the basis of a mechanism of fusion or 


non-fusion determined by inherent differences 
among different colonies of the species. 

Following this interesting account, no similar or 
systematic research had been undertaken until we 
in Japan began experimental studies on fusion and 
non-fusion in the Japanese ascidian Botryllus 
primigenus. 


1. General description of colony specificity 


Occurrence of colony specificity 


In Botryllus primigenus, when two pieces from 
the same colony were placed in juxtaposition at 
their growing edges, they fused and formed a 
common vascular system. If the faced edges were 
cut artificially, the fusion of two pieces occurred 
in the same way. This phenomenon was 
designated as ‘‘fusion’’. On the contrary, when the 
pieces were obtained from different colonies within 
the natural population, the contact of the pieces 
usually resulted in necrosis at the contact area of 
naturally growing edges or artificially cut surfaces. 
This phenomenon was designated as “non-fusion 
reaction” (NFR), in other words “rejection”. 
These phenomena in which two colonies exhibit 
fusion or rejection are called colony specificity. 
Most species of the compound ascidians usually 
exhibit fusion or rejection when two colonies of 
the same species are made contact. In a certain 
species, e.g., Polycitor mutabilis [36] colony speci- 
ficity seems to be absent. Neither the complete 
fusion of the test matrix nor the particular rejec- 
tion between two colonies was observed at the 


Self or Non-self in Ascidian 435 


TABLE 2. Summary of the occurrence of colony specificity in some compound ascidians 


Contact with 


A as Growing edges Cut surfaces ae 
Aplydium yamazii ForR ForR Watanabe and Taneda [37] 
Amaroucium constellatum ForR --- Freeman [38] 

Polycitor mutabilis I F Oka and Usui [36] 
Didemnum moseleyi ForR ForR Mukai and Watanabe [39] 
Perophora viridis ForR — Freeman [38] 
P. japonica ForR — Koyama and Watanabe [40] 
P. orientalis I F Mukai and Watanabe [39] 
P. sagamiensis ForR = Koyama and Watanabe [41] 
P. bermudensis ForR — Freeman [38] 
-Ecteinascidia tortugensis ForR — Freeman [38] 
Botryllus schlosseri ForR = Bancroft [35] 
B. primigenus ForR ForR Mukai and Watanabe [39] 
B. scalaris ForR ForR Saito and Watanabe [42] 
Botrylloides simodensis I ForR Saito and Watanabe [43] 

F, ‘Fusion’; R, “Rejection”; I, ‘Indifference’; —, No experiment was performed. 


contact area. This phenomenon was designated 
as “indifference”. On the contrary, when cut 
surfaces of two pieces were made contact, they 
always fused together regardless of their origin. 
Results of fusibility experiments obtained from 
some compound ascidians are summarized in 
Table 2. 


Features of fusion and non-fusion reaction (NFR) 


When two compatible colonies are brought into 
contact, fusion of colonies always occurs. From 
the electron microscopical studies concerning the 
fusion reaction between colonies in B. primigenus, 
it has been revealed that the ampullae from two 
colonies fused in the tip-to-side manner following 
the constitution of new intercellular junctions and 
the elimination of degenerated or healthy epithelial 
cells at the contact area [44]. Recently, fusion of 
tunic between two individuals has been reported 
in the solitary ascidian, Molgula complanata (45). 
This finding suggests the presence of the ability to 
recognize the allogeneic differences between in- 
dividuals in a solitary ascidian as well as in 
compound ascidians. 

When two incompatible colonies of B. primigenus 
came into contact with the growing edges, rejection 
called non-fusion reaction (NFR), as stated before, 
took place at the contact area. The process of 


NFR is schematically illustrated in Figure 1. 
During the process of NFR, six stages were re- 
cognized [46]. These are as follows: Stage 1 (0 hr 
after the contact): The margins of test matrices 
of two colonies contacted with each other following 
the growth of the colonies. Stage 2 (1-2 hr after 
the contact): The tips of the ampullae pushed 
against each other and penetrated into the test 
matrix of opposite colony. No change was recog- 
nized in the contact area at this stage. Stage 3(4—5 
hr after the contact): The penetration of ampullae 
into test matrix was further advanced and the first 
sign of NFR, or the increase in opacity occurred 
at the tips of the penetrated ampullae. In this 
stage, we have observed recently the infiltration of 
morula cells and possible increase in permeability 
of ampullar epidermal cells [47]. Stage 4 (7-8 hr 
after the contact): The ampullae of both colonies 
stopped further penetration into the test matrix of 
the opposite colony. Stage 5 (9-10hr after the 
contact): The ampullae began to contract and to 
become thinner at their proximal parts, where 
blood flow decreased. Stage 6 (12 hr after the 
contact): The contraction of the ampullae further 
proceeded, and the blood stream in the ampullae 
stopped completely. The distal part of the 
ampullae were finally constricted off from the 
healthy parts of the proximal vascular system, and 
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new walls were formed to separate the necrotic 
zone from the healthy parts of both colonies. 
Electron microscopical studies revealed the des- 
truction of test cells and the formation of fila- 
mentous structures in the test matrix in NFR, 
although no change was observed in the ampullar 
epidermal cells and blood cells retained in the 
vascular system [46]. 

In the case of xenogeneic contact with their 


Schematic illustration of the process of non-fusion reaction (NFR). 
ac, aggregate of blood cells; 
t, test matrix. 
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growing edges, it has long been considere that 
no rejection like NFR took place [39]. Recently, 
however, we have demonstrated the presence of 
the xenogeneic rejection like NFR among the 
colonies of three Japanese botryllids, Botryllus 
scalaris, Botryllus primigenus and _ Botrylloides 
simodensis [48]. These three species show the 
colony specificity, though in different manners, 
respectively. 


Self or Non-self in Ascidian 


When a colony of B. primigenus or B. simodensis 
came into contact with a colony of B. scalaris, 
xenogeneic rejection like NFR always took place 
in the colony of B. primigenus or B. simodensis, 
while no rejection took place in B. scalaris. In 
the case of contact between cut surfaces, the 
xenogeneic rejection appeared within 2 hr after 
the contact, whereas in the case of that with 
growing edges, such rejection did not appear until 
1 to 3 days after the contact. 

When the colonies of B. primigenus and B. 
simodensis were made contact with their cut sur- 
faces, each colony also showed the rejection like 
NFR about 6hr after the contact. While, in 
the case of the contact between growing edges, no 
rejection appeared in both colonies. 

Xenogeneic rejections in all combinations 
showed the same features, though different periods 
of time were needed for initiation of the rejection. 
These features are almost the same as those shown 
in allogeneic NFR. 

With regard to the allogeneic recognition in 
three Japanese botryllids, B. scalaris, B. primigenus, 
and B. simodensis, the following matters have 
been confirmed. A colony of B.  simodensis 
could distinguish a compatible colony from an 
incompatible one at its surface of tunic, when it 
contacted with another colony. Such a type of 
recognition can never be seen in other species. In 
B. scalaris, NFR did not occur until the fusion of 
vessels was established between two incompatible 
colonies. 

From these findings, we have supposed that 
there are at least three steps of the allogeneic 
recognition in botryllids (Fig. 2). 


ist step recognition 
(B. simodensis ) 
2nd step recognition 
(B. primigenus ) 
3rd step recognition 
(B. scalaris ) 
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The first step is the recognition at the test surface. 
This type of recognition is known only in B. 
simodensis at present. Electron microscopical 
studies on the fusion of tunic revealed that the 
tunic of botryllids consisted of two layers, highly 
electron-dense cuticle and translucent test matrix, 
and that the fusion of confronting cuticles was 
necessary to complete the fusion of tunic between 
two colonies [44, 49]. In B. simodensis, therefore, 
there seems to be a slight difference in cuticle 
structures to prevent fusion between compatible 
and incompatible colonies, while not in B. 
primigenus and B. scalaris. 

The second step is the recognition of the al- 
logeneic humoral factor(s) diffusing through the 
test matrix. This type of recognition is shown 
typically in B. primigenus and also shown experi- 
mentally in B. simodensis [39]. This is always 
accompanied with NFR. 

The third step of the recognition takes place in 
vascular vessels. This was shown in B. scalaris 
[42], and may be fundamental ability in botryllids. 
They must have acquired higher level of re- 
cognition ability according to evolution. 


2. Experimental analysis on the mechanism of 
colony specificity 


Genetic control of fusibility in Botryllus 


Oka and Watanabe [50-52] studied the fusibility 
between the colonies of B. primigenus taken from 
nature and among F, and F, progenies derived by 
the crossing of two incompatible colonies (in B. 
primigenus self-fertilization does not occur). The 
results obtained can be summarized as follows: 


SE 


.2. Three steps of the allogeneic recognition in botryllids. 
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(a) Almost all colonies taken at random from 
nature do not fuse with each other. (b) F, 
colonies are sorted into four groups, which.appear 
in proportions of approximately 1:1:1:1. Mem- 
bers of each group fuse with one another and with 
those of two other groups (Fig. 3). (c) Fusion is 
always possible between daughter colonies and the 
mother colony. (d) F. colonies obtaind by cross- 
ing of two incompatible F, colonies are also sorted 
into four groups in the same manner as in F,. 

In order to explain the apparently complicated 
fusion and non-fusion phenomena just outlined, 
it is necessary to introduce some hypotheses to 
bring all details into unified and simple relationship 
as described below. (1) The genes controlling 
fusibihty among colonies are under natural con- 
ditions heterozygous. (2) They are similar to a 
series of multiple alleles of the type (S genes) 
which controls self-incompatibility in flowering 


F, AC 


F, AB AC BD CD AB AD BC CD 


Fic. 4. Schematic diagram of the hypothesis on 
fusibility of Botryllus primigenus. , non- 
fusible; otherwise fusible. (Permission by Am. 
Zool.) 
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plants. (3) Colonies sharing at least one common 
allele are mutually fusible with one another, while 
those containing no common allele are non- 
fusible. A schematic illustration of this hypoth- 
esis appears in Figure 4. On the basis of these 
postulates, it is possible to explain in reasonable 
terms the experimental results obtained. 

Let us consider first the case where four classes 
of colonies are produced from two incompatible 
colonies between which fertilization has been 
accomplished. The majority of colonies formed 
in nature can be represented according to a series 
of letters of the kind AB, CD, EF, ..., since they 
carry no common gene and are incompatible with 
one another. The crossing of AB with CD pro- 
duces four classes of F, colonies which can be 
designated AC, AD, BC, and BD. All such indi- 
viduals of course share common alleles with the 
parental colonies AB and CD, and are therefore 
fusible with them. Members of each of the four 
classes share common alleles with two of the 
remaining three classes, and are therefore fusible 
with them. 

Any crossing among different, incompatible 
classes of the F, generation, such as AC and BD, 
produce four classes in the F, generation with 
fusibility of the same kind as that just described. 
However, on account of self-incompatibility the 
crossing of fusible colonies of different class, such 
as AC and AD, produces only two classes in each 
case (AD and CD from AC, and AC and CD from 
AD). 
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All pairs of different colonies selected from the 
three classes AC, AD, and CD have a single com- 
mon allele, and so are fusible with one another. 
However, the lack of a common allele between AC 
and BD or AD and BC prevents their fusion. CD 
shares a common allele with both BC and BD and 
is thus fusible with them. To distinguish between 
the two classes of the F, generation produced by 
fusible F, colonies it is thus necessary to attempt 
fusion with members of other generations. 

In order to examine both the validity of these 
ideas and the actual distribution pattern of alleles 
controlling fusibility in B. primigenus, fusion 
experiments were carried out on a large number of 
colonies collected from three areas of the Izu 
peninsula [53, 54]. No exception to the rules 
described above was found, thus implying very 
strongly that the fusibility among colonies of this 
species is in fact controlled by a series of multiple 
alleles at a single locus. 

The results from recent studies with another 
Botryllus species were consitent with this hypoth- 
esis and suggested the idea that recognition of the 
product of a “‘self” allele is necessary for colony 
fusion [55, 56]. Scofield et al. [55, 56] claimed that 
Botryllus fusibility might be controlled by genes of 
an ancestral MHC gene complex. 


Experimental alteration of fusibility 


As mentioned above, the fusibility of Botryllus 
colonies is genetically controlled. Two pieces 
taken from the same colony and kept apart over a 
period of one year did not alter their original 
fusibility. Interestingly, however, the fusibility 
of the colonies can be altered by the techniques of 
fusion and re-separation of the colony containing 
only one allele in common [57]. For example, a 
colony BC was fused with a sister colony AC. 
Four days after fusion, the two colonies were 
separated again. Then, BC colony became non- 
fusible with BD colony which should be originally 
fusible. In the same manner, AC colony became 
fusible with BD colony by fusion and re-separation 
of BC colony. In the case of the alteration from 
fusible to non-fusible, when AC colony was larger 
than BC colony, acquired fusibility of BC (to 
become non-fusible with BD) remained unaltered. 
On the other hand, when BC colony was larger 


than AC colony, acquired fusibility of BC re- 
turned to original fusibility after certain periods of 
time. In Mukai’s series I (non-fusible alteration) 
and series II (fusible alteration) experiments, 
relative sizes of the two (BC and AC) were varied. 
The smailer the relative size of AC colony to BC 
colony, the shorter the time required for returning 
to original fusiblity of BC (series I). In the same 
manner, the larger the relative sizes of BC colony 
to AC colony, the shorter was the mean time re- 
quired for fusion to take place (series II). There- 
fore, it is concluded that the fusibility of Botryllus 
colonies depends upon blood in the colonies. 

Mukai [57] recognized two steps in the alteration 
of fusibility, primary and secondary alterations. 
Primary alteration may be responsible for some 
substances in blood. The fusibility of a separated 
colony is determined by the relative concentration 
of substances originated from two colonies, fusi- 
bility altered and removed. The relative concen- 
tration results from merely the mixture of blood of 
two colonies. Secondary alteration is brought 
about by changes in the relative concentration of 
substances. Such an alteration may be responsible 
for the blood cells originating the substances. 


Mechanism of NFR 


On the basis of light and electron microscopical 
observations, Tanaka and Watanabe [46] tenta- 
tively interpreted that the first step of NFR took 
place in the test cells in the test matrix. Recently, 
we experimentally examined the validity of this 
hypothesis [37, 47]. All results obtained from 
these experiments suggested that the first step 
visible for NFR took place in the ampullar lumen. 
No evidence suggesting the participation of test 
cells was obtained. 

As mentioned above, fusibility of colonies 
depends upon blood in the colonies [57]. This 
means that the agent(s) concerning fusibility is 
involved in blood. From the result of fusion 
among three F, strains (AC-BC-BD) performed by 
Tanaka [58], it can be easily interpreted that 
NFR takes place by the mixture of blood from two 
incompatible colonies. In other words, blood 
itself contains both an “effective agent’ and a 
“recognition agent’? concerning fusibility. 

Recent work based on in vivo bioassay revealed 
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that the injection of allogeneic whole blood was 
sufficient to induce NFR [59]. The injection of 
syngeneic blood had no effect. Three possible 
combinations can be considered in the interaction 
between the blood from two incompatible colonies; 
(1) the interaction between blood cells; (2) that 
between blood cells and blood plasma; (3) that 
between blood plasma. Further investigations 
with blood fractions strongly suggested the 
participation of blood cells in NFR [59]. There- 
fore, the possibility of the interaction between 
blood plasma is negligible. Injection of allogeneic 
blood plasma induced weak positive responses. 
Studies on tunic interaction in B. schlosseri with 
the dye neutral red showed no cellular movement 
between two colonies in contact with each other 
[38]. These results led us to hypothesize that 
NER was initiated by an interaction between blood 
cells and a humoral factor(s) in the plasma [59]. 

More recently, the specimen in which fusion 
and NFR simultaneously appeared was discovered 
[60]. This finding reinforces our hypothesis on 
the mechanism of NFR. 

Electron microscopical studies in B. primigenus 
revealed that degenerated “‘self”’ cells which might 


be eliminated were always coated with micro- 
fibrous materials on their surfaces, while other 
healthy blood cells were not [61]. Katow and 
Watanabe [61] pointed out the possible role of 
these fibrous materials in discrimination of dege- 
nerated (=not self ) cells. Such fibrous materials, 
though their features were not identical, were also 
found in intracellular spaces of a blood cell cluster 
formed in vessels of the central colony in the 
fusion with three F, colonies [58]. 

From these results we consider the mechanism 
of NFR in B. primigenus to be as follows (Fig. 5): 
A humoral factor(s) concerning NFR, or recog- 
nition molecule, exists in the test matrix as well as 
in the blood plasma. This factor may be orig- 
inated from blood cells (=lymphocytes). When 
two incompatible colonies come into contact and 
the ampullae penetrate into the test matrix of 
opposite colony, uptake of this factor into the 
lumen of the penetrating ampullae occurs. This 
factor reacts only with non-self blood cells and 
the formation of a cluster of blood cells takes place 
in connection with an increase in permeability of 
the vessels and the infiltration of morula cells. 
The formation of the cluster results in the stoppage 


Fic. 5. Schematic presentation of a possible mechanism of NFR in Botryllus primigenus. 


1) Lymphocytes excrete a humoral factor, or recognition molecule, into blood plasma and test 


matrix. 


2) When the colony grows and an ampulla penetrates into the test matrix of opposite colony, the 
humoral factor in the test matrix of opposite colony invades into the ampullar lumen. 

3) This factor reacts with non-self blood cells and the formation of a cluster of blood cells occ urs. 
Then, reacting blood cells release a factor which exerts a contraction effect on the ampullar epi- 


dermal cells. 


4) Then, the stoppage of blood flow takes place accompanying the infiltration of morula cells. 
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of blood flow and the constriction of the vessels. 
The contraction and the increase in permeability 
of the vessels may be responsible for some factors 
released from the reacting blood cells. The dest- 
ruction of test cells and the formation of new wall 
occurs subsequently. 

In B. scalaris, on the other hand, a colony 
showed no rejection against the blood plasma 
derived from an incompatible colony [62]. There- 
fore, in this species, the allogeneic rejection may 
responsible for the direct contact between incom- 
patible blood cells just like the contact reaction of 
blood cells in some solitary ascidians [33, 34]. 


Nature of the agents participating in NFR 


By the use of Mukai’s fusibility alteration 
technique [57], we showed that a factor(s) con- 
cerning fusibility was sensitive to X-irradiation 
[12]. This result suggested that at least one factor 
concerning fusibility might be a cellular component 
in blood, supporting the conclusion obtained from 
the injection of blood fractions described before. 
Since lymphocyte population decreased in the 
irradiated preparations in which a factor con- 
cerning fusibility also reduced, these cells may 
play a role in colony specificity. 

Recently, the first approach to the biochemical 
characterization of humoral factors responsible for 
the colony specificity in ascidians was tried by 
using blood plasma from colonies of B. simodensis 
[63]. As stated before, this species also shows 
colony specificity, and a remarkable NFR appears 
when two incompatible colonies are brought into 
contact with their cut surfaces. 

The blood plasma of B. simodensis induced 
NFR-like responses in allogeneic challenges, 
although no response induced in syngeneic chal- 
lenges, as well as in B. primigenus. This NFR- 
inducing activity in the plasma was retained after 
dialysis against filtered seawater, while almost 
activity was lost by heat higher than 55°C. The 
activity was dependent on the presence or absence 
of divalent cations, such as Ca** and Mg’*. The 
specificity of the activity was easily lost even by 
the mild treatments, such as long-term storage at 
4°C, freezing and thawing, incubation at a mod- 
erate temperature, and other physico-chemical 
treatments. These active molecules were trans- 


formed to exhibit nonspecific activity by such 
treatments. This nonspecific activity was re- 
latively stable, since its activity was maintained 
for more than one year in the cold. The non- 
specific activity was resistant against dialysis, 
heat-labile, and dependent on divalent cations, 
similar to the specific activity. Furthermore, the 
nonspecific activity was mainly found in the 
fractions of 20-40% saturation by ammonium 
sulfate fractionation, and the activity was also 
found in the fractions eluted with void volume in 
Sephadex G75 gel filtration. These results suggest 
the activity is carried by a large molecule substance. 
Additionally, the activity was not affected by 
trypsin, protease and neuraminidase. At present, 
the essence of factor(s) inducing NFR is obscure. 

In conclusion, the recognition mechanism of 
self colony from non-self colony in ascidian is 
responsible for the interaction between blood 
cells and humoral factor(s) in the plasma. The 
humoral factor, or recognition molecule may be 
generated by lymphocytes. The similarity of the 
ascidian recognition molecule formation to the 
antibody formation in the vertebrates is indicated. 
The analysis on the structure of humoral factor 
is to be great importance in the consideration of 
the ascidian recognition mechanism. 
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A Molecular Profile of the Receptor Responsive to the Neural- 
Inducing Signals in the Amphibian Competent Ectoderm 
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INTRODUCTION 


The neural induction phenomenon, namely, the 
emergence of the central nervous system in the 
early amphibian embryos has long attracted the 
great attention of embryologists due to its dra- 
matic appearance, which becomes visualyzed in 
consequence of interaction between two germ 
layers, the competent ectoderm and the underlying 
dorsal mesoderm, organizer, since Spemann and 
Mangold first reported the phenomenon in 
amphibian embryos [1]. From that time on, a 
tremendous amount of studies has been done on 
“embryonic induction” in experimental em- 
bryology and/or chemical embryology, at each 
level of tissue, cell and molecule [cf. 2, 3]. The 
accumulated results led us to imagine the close 
approach to the molecular mechanism of em- 
bryonic induction. 

Hypothetical schemes were already proposed for 
understanding embryonic induction at the molecu- 
lar level [4, 5]. However, the subsequent develop- 
ment of this field has not enriched our knowledges 
enough to account for the molecular implication 
on the induction phenomena empirically studied 
so far. There should be a couple of possible 
ways to give a molecular basis to the conceptual 
framework of the embryonic induction. The 
first melecular event in neural induction, for 
example, which would be followed by the chain 
reactions reaching the ultimate cellular site where 
the genic control comes into operation could 
take place in the ectodermal cell surface (plasma 
membrane) where the inducing factors (signals) 
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from organizer would first hit targets (receptors). 
Recent experiments performed with special at- 
tention to the cellular sites on which the neural- 
inducing signal would exert its effect indicated all 
the primary importance of the molecular organi- 
zation of the plasma membrane of competent 
ectodrem at the beginning of neural induction 
process [6-13]. 

Inevitable with the embryonic induction is 
the problem of neural competence, which 
emerges at the early embryonic stage, lasts only 
for a short time and thus has been termed by 
Holtfreter and Hamburger [14] as the physiological 
state of an embryonic tissue. Accordingly, the 
extensive analyses have been done for the charac- 
terization of competence [15-17], but there have 
been also not enough data here to account for 
it at the molecular basis. As generally known, 
neural induction takes place only in the “‘com- 
petent ectoderm’. If one considers that the 
competence is based on the appropriate genesis 
of receptors for inducing signals, it should be 
ascribed to the problem concerning the molecular 
organization of the cell surface. During em- 
bryonic development, the cell surface of amphibian 
embryos exhibits characteristic changes in nature 
that can be identified by the use of lectins which 
bind specifically to the respective carbohydrates 
[18-21]. 


NEURAL-INDUCING ACTIVITY OF 
LECTINS 


It should be emphasized here that the pre- 
sumptive (competent) ectoderm of amphibian 
gastrulae is an potential tool for induction experi- 
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ments, because it can be induced to differentiate 
into tissues such as neural, mesodermal or 
endodermal depending on the nature of inducers 
used [22-26], whereas it differentiates exclusively 
into epidermis in physiological salt solution. 
The inducing factors isolated from either embryonic 
or adult tissues and tested for their inducing 
activity on the competent ectoderm of amphibian 
gastrulae are proteins or proteinous complexes 
[27-32]. On the other hand, the examinations on 
embryos during the induction period indicated 
that the inducing factors in either granular or 
soluble form are transmitted from the organizer 
to the competent ectoderm [33-36]. Exocytotic 
mechanism may be involved in the process for 
releasing the inducing factors from organizer. 

It would be stressed that one of the central 
problems in embryonic induction is the molecular 
mechanism recognizing the neural-inducing signals, 
which might be carried on the proteinous molecules 
released from the organizer. A group of proteins 
designated as lectin seemed to be useful tools for 
the study along the ideas described above, because 
firstly their molecular constituents and binding 
kinetics to carbohydrates are well elucidated 
[37, 38], secondly they are the potent probes for 


identifying the nature of cell membrane through 
binding to the specific sugar residues in the cell 
surface [39-41], and thirdly some of them possess 
the neural-inducing activity [7]. 

Through a survey examination of lectins for 
their effect on the competent ectoderm of Cynops 
gastrulae, we found that only two kinds of lectin 
among those tested so far had a marked activity, 
one being ConA which binds specifically to 
a-D-mannose, the other being UEA I which 
binds to a-L-fucose [7]. Table 1 shows that two 
lectins above mentioned exhibited inducing- 
effect through binding to the specific sugar 
residues, because preincubation of lectins with 
mannose or fucose respectively resulted in loss 
of their neural-inducing effect. Very recently 
the neural-inducing effect of Con A on the com- 
petent ectoderm has been confirmed by Grunz 
[42] in Xenopus embryos, indicating that Con A 
can exert its specific effect not only on urodelan 
competent ectoderm but also on anulan one. 
Autoradiograms of *H-Con A applied for the 
competent ectoderm revealed the successive pene- 
tration of Con A molecules from the cell surface 
to nucleus through cytoplasm as incubation time 
progressed (Fig. 1). These figures did not demon- 


TABLE 1. Neural induction by various lectins 
ects Concentration Totalno.of Neural % of Carbohydrate* 

(ug/ml) explants induction induction specificity 
Con A 200 19 14 73 D-Man 
Con A 300 Mp) pA 91 D-Man 
Con A+ Mannose 300 By 2 6 
LCA-Con A 300 17 3 18 
LCA 300 Di 2 7 D-Man 
PSA 300 A) 0 0 D-Man 
UEA I 200 2D) V2 54 L-Fucose 
UEA I-+ Fucose 200 21 1 4 
LOTUS 300 25 4 16 L-Fucose 
PWM 300 23 1 4 D-GlIcNAc 
WGA 200 34 4 i1 D-GlcNAc 
PHA-E 300 23 3 13 D-GalNAc 
DBA 200 26 DD V D-GalNAc 
SBA 300 16 0 0 D-GalNAc 
PNA 200 15 0 0 D-Gal 
RCA ys OB 0 0 D-Gal 


* For detail see references [38, 45]. 


From Takata et al. [7] and Yamazaki-Yamamoto and Takata [44]. 
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Fic. 1. Autoradiograms of *H-Con A-treated competent ectoderm. Arrow indicates the inner 
surface of ectoderm. a. Control explant after 3 hr treatment with Con A plus a-D-mannoside. 
b. Explant after 3 hr treatment with Con A. c. Explant after 5 hr incubation in Steinberg’s 
solution. d. Explant after 20 hr incubation in Steinberg’s solution. (From Takata et al. [7]) 


Fic. 2. Scanning electron micrographs of Con A-treated ectoderm. a. The interior surface of the 
ectoderm treated by ConA for 3hr. Cells appeared to have decreased in cell adhesivity. 
Scale: 50 wm. b. The interior surface of the ectoderm cultured in Steinberg’s solution for 3 hr. 
Scale: 50 um. (From Yamazaki-Yamamoto et al. [10]) 
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strate the actual cellular site to which ConA 
exerted its effect, but revealed that Con A specifi- 
cally bound to the specific saccharide molecules 
because of the disappearance of silver grains from 
the cell surface after preincubation of *"H-Con A 
solution with a-D-mannoside (Fig. la) and also 
that Con A-binding receptors existed in the interior 
surface much more than in the exterior (Fig. 1b) 
[7]. 

It should be of particular interest that Con A 
molecules bound in a large quantity to the interior 
surface, but not to the exterior, because the 
interior surface is the embryonic area which comes 
into contact with the organizer during gastrulation, 


fs & ; e Me a 


Fic. 3. Electron micrographs showing the binding of ferritin-DBA to the unfixed ectoderm cell. 
particles bound to the outermost region of extracellular matrix of the exterior surface. 
Scale: 200 ym (Yamazaki-Yamamoto, Takata and 


particles bound sparsely on the interior surface. 


Kitoh, unpublished) 


that is, the critical inducing period. Similar 
patterns of distribution of lectin-binding sites in 
exterior and interior cell surfaces of the competent 
ectoderm were also observed by Duprat e¢ al. 
[43] in Pleurodeles embryos with lectins such as 
PSA, LCA and ConA. Peculiar enough here 
is the fact that LCA (Lens culinaris agglutinin) 
and PSA (Pisum sativum agglutinin) had no effect 
on the competent ectoderm (Table 1) [44] notwith- 
standing their molecular characteristics are quite 
similar to Con A [45] and that succinyl-Con A 
which is a dimeric Con A also had no inducing 
effect either [7]. 


a. Ferritin 
b. Ferritin 
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A POSSIBLE MODE OF ACTION 
OF CON A 


At present, the reliable data accounting for 
inability of those lectins mentioned above are 
not yet available, but it should be referred here, 
except PSA and LCA which will be discussed later, 
that Con A (tetrameric) can cross-link sugar chians 
on cell surface by binding, leading to either altera- 
tion of the cell surface charges or architectural 
changes of the cell membrane. Contrary to this, 
succinyl-Con A (dimeric) did not exert such effect 
to the membrane in spite of its ability in binding 
to sugar residues [46, 47]. Importance of receptor 
cross-linking or aggregation was also shown in 
insulin action on adipocyte [48]. By means of 
scanning electron micrography, Yamazaki- 
Yamamoto ef al. [8] observed the characteristic 
changes of cell surface architecture caused by 
lectin-treatment. As shown in Figure 2, ConA 
caused remarkable change of the interior surface 
of ectoderm, indicating reorganization of plasma 
membrane, whereas succinyl-Con A did not. Sato 
et al. [49] and Kojima and Soto [50] reported that 


the interior surface different from that with Con A. 


treatment of lymphocytes or tumor cells with 
Con A or PHA produces rapid translocation of 
some carbohydrate complexes within the cell 
membrane, thereby altering the electophoretic 
mobility of cells, and suggested that the molecular 
reorganization of the cell membrane may be 
correlated to the blast formation of lymphocytes. 
Yamazaki-Yamamoto ef a/. demonstrated that 
DBA (Dolichos biflorus agglutinin), which is 
specific for a-D-N-acetylgalactosamine and bound 
tremendously to the exterior surface of the 
ectoderm but not much to the interior (Fig. 3), 
brought about characteristic changes to cell 
surface architecture different from those by 
Con A-binding (Fig. 4) [10]. However, neural 
induction did not take place (Table 1). This 
implies that mere occupancy by lectins of the cell 
surface sugar residues of either identical or different 
chains and the resultant perturbation of cell 
surface architecture are not enough for activation 
of inducing processes, and that the particular 
reorganization of plasma membrane is required 
for triggering the first step of the processes. 
Crucial evidence, however, for the actual cellular 


‘39 (ED bs , 
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Fic. 4. Scanning electron micrographs of the ectoderm treated with DBA. 


a. Architectural changes of 
b. Network folds and distinct ridges caused by 


DBA-treatment for 3 hr on the exterior surface. Scale: 50 wm. (From Yamazaki-Yamamoto ef al. [10]) 
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BIG: 5. 
a. Explant cultured with Sepharose beads. 
x44. (From Takata et al. [7]) 


targets that the neural-inducing factor hits has 
remained unavailable. 

To ascertain the Con A-acting cellular sites, we 
applied Con A-conjugated Sepharose beads as the 
inducer for the competent ectoderm, because Con 
A molecules immobilized on Sepharose beads 
might not be taken up into cytoplasm of the com- 
petent ectoderm. As shown in Figure 5, intensive 
neural differentiation occurred in the cultured 
ectoderm explants [7], by which Con A Sepharose 
beads were wrapped. The neural tissues induced 
by Con A exclusively belonged to the archencepha- 
lon types (Fig. 5b). This might indicate that, 
nevertheless a possibility of some leakage of Con 
A from beads during the competent period of 
ectoderm in culture can not be ruled out, Con A 
gave an effect to the “‘receptor” in plasma mem- 
brane and generated the same signal as that 
acting in ovo, leading to the triggering of the 
intracellular machinery to differentiate the ecto- 
derm into neural tissues. This mode of ConA 
action on the competent ectoderm seems to agree 
well with the report of Pauli et al. [51] that retention 
of Con A in the cell surface, but not in the cyto- 
plasm, was neccessary for in vitro activation of 
lymphocytes. 

By using the Sepharose-conjugated inducing 
factor (neuralizing and vegetalizing factors), 
Tiedemann and Born [6] observed occurrence 
of only neural induction but not mesodermal one 
and suggested that the neural inducing factor 
is mediated through interaction with plasma 
membrane, but vegetalizing factor which exhibits 


Neural structure induced by Con A-Sepharose. 


Round empty spaces are Sepharose beads. 
b. Explant cultured with Con A-Sepharose beads. 


the mesodermal or endodermal effect must be 
penetrated into cytoplasm to become operative. 
The vegetalizing factor is the inducing protein 
which was extracted from chick embryos and 
was best analyzed among those isolated so far, its 
estimated molecular weight being in the order of 
Mr 13,000, whereas the neuralizing factor is 
also a protein in nature, but not purified yet [52]. 
Even though further detailed chemical nature of 
the neuralizing factor has not been available, 
it seems quite plausible in view of action of 
Sepharose-conjugated factors that either Con A 
or the neuralizing factor plays a key role in acti- 
vating the membrane mechanism by binding to 
the surface receptors, whose carbohydrates can be 
ascribed to the asparagine-linked oligosaccharides 
on the basis of interaction with Con A-Sepharose 
[53]. 

The lectin molecules bound to the carbohydrate 
gel column can be released by washing it with 
an excess amount of the specific sugar [53]. We 
applied this in vitro behavior of lectins for esti- 
mating of Con A bound to or removable from 
the cell surface of the explants labelled with *H- 
Con A. *H-Con A amount bound to the explant 
increased up to a saturation level about 2 hr 
after incubation and remained constant thereafter 
(Fig. 6), but more than 50% of the bound *H-Con 
A could be released by washing the explant with 
2mM mannose in the course tested up to 12 hr. 
When the Con A-induced explants were chased 
with excess mannose within a period of 6 hr after 
Con A treatment, they failed to differentiate into 
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Fic. 6. Time course changes in amount of 7H-Con A bound to the explants. 


Takata et al. [9]) 


neural tissues [9]. 

These results together with those of Con A- 
Sepharose experiments suggest that for neural 
induction, retention of a certain amount of Con A 
in plasma membrane for at least 6 hr is required 
before the molecular process of neural induction 
will continue independently. This assumption is 
also supported by the result of Pauli ef al. 
[51] on lymphocyte blast formation stimulated 
by ConA. The neural-inducing signal thus 
received through the specific membrane mecha- 
nism, in which the transmembrane protein [54] 
is supposedly involved, might activate the intra- 
cellular machinery, such as the activation of DNA 
synthesis [7], leading to occurrence of neural dif- 
ferentiation. By using the inducing factors isolated 
from tissues, either alteration of membrane 
characteristics or DNA synthetic activity in the 
induced competent ectoderm has been observed 
by Grunz and Staubach [55] with Triturus alpestris 
and by Imoh et al. [56] with Cynops phyrrhogaster. 

In view of the recent studies as to the in vitro 
mode of action of lectins on carbohydrate 
molecules, it has to be taken into consideration 
that when lectins bind to carbohydrates they 
recognize not only monosaccharide but also 


(From 


specific domain of a certain length of carbohydrate 
chains [45]. ConA in vitro for example recog- 
nizes a chain of 2Manal-6 (2Manal-3) Man/§l 
in the complex-type asparagine-liked oligosac- 
charides, whereas PSA and LCA distinguish a 
sugar sequence different from that recognized by 
Con A, nevertheless their in vitro binding ac- 
tivities can be blocked by a-D-mannoside [45]. 
If we accept such mode of action of lectins for our 
experimental system, it may be probable that, 
though there are other possibilities, Con A mimics 
the neural-inducing signals by recognizing such 
a structure of sugar-chains of receptors (cell 
surface glycoproteins), but other two _ lectins 
can not, due either to recognizing different domain 
of the same oligosaccharide chain, giving rise to 
insufficient influence on the molecular events 
neccessary or to recognizing different oligosac- 
charide chains containing better matching sugar 
sequence, which are not channeled to the intra- 
cellular inducing machinery. 


CELL SURFACE OLIGOSACCHARIDES 


It should be mentioned here that the neural 
inducing ability of Sepharose-conjugated Con A 
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was not inhibited at all by the pretreatment of the 
conjugate beads with a-D-mannoside, whereas 
the induction effect by Con A in solution was 
inhibited by the addition of mannoside prior to 
the treatment of the ectoderm explants (Table 1). 
Discrepancy between the effects of ConA in 
solution and its immobilized form could be 
explained by the fact that the latter does not 
retain free mannose molecules but does retain 
oligosaccharide chain whose structure contains 
at least two a-mannosyl residues with free 
hydroxyl groups at C—3, 4 and 6 [53], and these 
results led us to the idea that the oligosaccharide 
structure of the receptor of the plasma membrane 
should contain such mannosyl residues. Con- 
sidering this assumption together with results 
that UEA I whose specific sugar is a-L-fucose had 
the inducing activity, but not so intensive as 
Con A (Table 1), it was suggested that asparagine- 
linked oligosaccharides with the fucosyl residue 
are possible sugar chains of the receptor. If 
such oligosaccharides exist in the cell surface 
and are responsible for recognizing the neural- 
inducing signal, their removal from the cell surface 
should result in loss of neural competence of the 
presumptive ectoderm. 

To proceed with our idea two kinds of experi- 
ments were designed. For the first experiment, 
we utilized almond glycopeptidase for examining 
the effect of removal of oligosaccharide species 
from living competent ectoderm. Almond 
glycopeptidase is strictly specific to cleave B- 
asparatylglucosylamine linkages in glycoproteins 
and releases a moiety of oligosaccharide residues, 
such as the high mannose-type, the hybrid-type 
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and the complex-type, intact from proteins [57-60]. 
The enzyme preparations used were thoroughly 
tested for free from a-mannosidase, {-galacto- 
sidase, 8-N-acetylglucosaminidase, and proteinases 
before use. Since the enzyme action may be 
disturbed by N-acetylneuraminic acid if it is 
present at the distal end of saccharide chain, 
neuraminidase-treatment of explants was done 
prior to almond glycopeptidase application [8, 9]. 
Table 2 shows that removal (or partial removal) 
of a whole chain of asparagine-linked mannose- 
containing oligosaccharides from the cell surface of 
the living ectoderm explants gave rise to loss of 
reactivity to Con A and accordingly resulted in a 
marked decrease in neural induction rate. On the 
other hand, only neuraminidase-treated explants 
were induced by Con A-treatment to differentiate 
into neural tissue at a rate as high as that of control 
explants, indicating no involvement of N-acetyl- 
neuraminic acid in the recognizing mechanism of 
the induction signals. This result suggested that 
at least one of asparagine-linked oligosaccharide 
chains cleaved by almond glycopeptidase might 
be an active constituent of receptors to Con A in 
the plasma membrane of the competent ectoderm. 

For the second experiment, we performed iso- 
lation of oligosaccharide fractions by the enzyme 
treatment from either cell surface or cytoplasm 
of glutaraldehyde-fixed ectoderm explants labelled 
with *H-mannose. The elution profiles from 
Bio Gel P-4 column were quite different between 
the cell surface fraction and the cytoplasm one 
(Fig. 7) [8]. Some of the components found in 
the cell surface may be those responsive to Con A 
effect. Most recently, the detailed analysis of 


TABLE 2. Effect of glycopeptidase on neural induction by Con A 


Treatment Total no. 
of explants 
N-G-Con A 18 
N-Con A 28 
Con A 207] 


Neural Epidermis cee 
31 6 84 


Explants (N-G-Con A) were successively treated with the following enzymes prior 


to Con A treatment. (1) Neuraminidase (N) for 1 hr at pH 6.1, 26°C. 


(2) Almond 


glycopeptidase (G) for 4 hr at pH 6.1, 26°C. Explants (N-Con A) were treated with 
neuraminidase, left in the buffer, pH 6.1, without almond glycopeptidase and then 
treated with Con A. Explants (Con A) were left in the buffer, pH 6.1, for 5 hr at 


26°C prior to Con A treatment. 


From Takata et al. [8]. 
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units), WV: Void volume, 
fractions. 
Takata et al. [8]) 


cell surface oligosaccharide fractions by means 
of HPLC with a column of C18 reversed phase 
[61] has revealed existence of a couple of high 
mannose-type oligosaccharides as major carbo- 
hydrates, of which the largest component was of 
unidentified type in contrast with those such as 
Man6GlcNAc2 or ManS5GlcNAc used as markers 
which were obtained from ovalbumin. On the 
other hand, complex-type biantennary oligosac- 
charides with or without fucose were the major 
component in the cytoplasm fraction (unpublished 
data). A preliminary inhibition experiment on 
the inducing effect of Con A-Sepharose was 
performed by using glycoproteins such as oval- 
bumin, fibrinogen and IgG, of which oligosac- 
charides are different to each other brought 
an indication that only ovalbumin which contains 
high mannose-type or hybrid-type oligosaccharide 
chains could give an inhibitory effect on the 
inducing activity of Sepharose-conjugated Con A 
(unpublished data). 

One may remember of the inducing activity of 
UEA I whose specific sugar is a-L-fucose (Table 1). 
Fucose residue is usually found attached to the 
complex-types among asparagine-linked oligosac- 
charides. However, a _ high mannose-type 
oligosaccharide with fucosyl residue was found 
recently in lysosomal cathepsin S from porcine 


O——O: Cytoplasm fractions, 
Two grey fields represent major parts in cytoplasm fractions. 


@——@: Cell surface 
(From 


spleen [62]. Although, at present, data obtained 
so far are not enough to elucidate the carbohydrate 
structures of the receptor, it may be possible to 
suppose that some high mannose-type oligosac- 
charides with fucosyl residue is a candidate for 
the constituent sugar chain of the receptor. 


PERSPECTIVES 


It should be mentioned here that Con A and 
PHA can mimic the direct effect of insulin on 
rat liver nuclear envelope phosphorylation [63]. 
Of particular interest is that insulin receptor 
is a glycoprotein with asparagine-liked oligosac- 
charides [64]. Recently, it was reported that the 
insulin receptor of lymphocytes was itself a protein 
kinase [65]. Purrello et al. [63] suggested that 
lectins, Con A for example, acted through the 
same pathway and then generated the same 
signal as insulin. Taking the insulin model into 
consideration one may assume that Con A does 
act as a substitute for the neural-inducing factor 
which will be transmitted in ovo from organizer 
to the competent ectoderm. Duprat ef ai. [11] 
reported that the ectoderm pretreated with LCA, 
which has no inducing activity (Table 1) but 
binds to the similar sugar chains as does Con A, 
did not react with the organizer, therefore re- 
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sulting in the failure of neural induction. They 
assumed that the structural integrity of plasma 
membrane of the competent ectoderm is necessary 
for neural induction to take place. Importance of 
membrane organization was also suggested in the 
electron microscopic observations [10, 55]. 
Recently, Yamazaki-Yamamoto and Takata [44] 
have obtained the similar results by using Con A 
instead of the living organizer, that is, pretreatment 
of the ectoderm with LCA gave rise to the loss of 
neural competence to Con A. That the neural- 
inducing effect of both organizer and Con A can 
be blocked by LCA-pretreatment suggests the 
possibilities such as that the receptors responsive 
to both agents are closely related to each other 
either in nature or in topological distribution 
on the cell surface. 

Until now, a couple of lectins have been demon- 
strated in chick [66, 67], Xenopus [68] and sea 
urchin embryos [62]. At present, however, no 
evidence is available as to whether the organizer 
factor acts on the competent ectoderm as Con A 
does and as to whether heterogeneous inducers 
hitherto isolated have the lectin-like activity. 
In this context, the lectin-probe seems a promising 
tool among those available at present for approach- 
ing the molecular basis of neural induction. It 
is highly expected that molecular elucidation of 
the receptor of the competent ectoderm will speak, 
in turn, for the molecular profiles of the organizer 
factor as well as the molecular basis of neural 
competence. 
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The Effects of Light and Temperature on the 
Rhodopsin-Porphyropsin Visual System 
of the Crayfish, Procambarus clarkii 
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Nishinomiya, Hyogo 663, and Department of Biology, 
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Yokohama 236, Japan 


ABSTRACT — The crayfish Procambarus clarkii has a rhodopsin-porphyropsin visual system which 
varies with the seasons. The regulation of the composition of visual pigments was investigated by 
keeping the crayfish in various conditions of light and temperature. The chromophores of visual 
pigments were analysed by high-pressure liquid chromatography (HPLC). 3-Dehydroretinal (the 
chromophore of porphyropsin) disappeared rapidly when the animal was kept at 25°C in the conditions 
of constant light or LD cycle but it did not change in the condition of constant darkness. A high 
proportion of 3-dehydroretinal was retained at 10°C irrespective of light or darkness. The animals 
without 3-dehydroretinal, which had been kept in the condition of LD cycle at 25°C for one month, 
were transferred to the chambers of LD cycle at 10°C and of constant darkness at 10°C in order to 
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study the biosynthesis of porphyropsin. 


in the condition of constant darkness and 14 weeks in the LD cycle condition. 


3-Dehydroretinal reappeared with a long time lag: 6 weeks 


These experimental 


results explain well the seasonal variation of porphyropsin quantity already reported. 


INTRODUCTION 


Rhodopsin, which is contained in the rod cells 
of vertebrate eyes, is a visual pigment that has 
been well investigated. The chromophore of 
rhodopsin is 11-cis-retinal and it is isomerized to 
all-trans form by light. The visual pigment of 
invertebrates is also called rhodopsin if its chro- 
mophore is 11-cis-retinal. Many freshwater 
vertebrates have a visual pigment with 3-dehydro- 
retinal as its chromophore (porphyropsin). This 
pigment absorbs longer wavelengths of light than 
rhodopsin, and it is thought to represent an 
adaptation to the light environment of fresh water 
at a molecular level because the spectral dis- 
tribution of light in fresh water generally lies at 
longer wavelengths than in terrestrial and marine 
environments [1, 2]. Often, porphyropsin coexists 
with rhodopsin to form a paired pigment arrange- 
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ment, called the ‘‘rhodopsin-porphyropsin system” 
[1, 2]. In the previous paper [3], we have reported 
that the crayfish Procambarus clarkii had a 
rhodopsin-porphyropsin visual system and _ that 
the proportion of porphyropsin to the total amount 
of visual pigments varied with the seasons. As in 
the eye of the bullfrog [4], very low levels of crayfish 
porphyropsin in midsummer were followed by a 
gradual increase from September to December; 
high levels were present from January to June, but 
a rapid decrease in July brought the levels back 
down to the midsummer condition. 

In order to clarify the environmental factors 
which cause the seasonal variation of porphyropsin, 
we investigated the effects of light and temperature 
on the visual pigment composition of the crayfish. 


MATERIALS AND METHODS 


Animals and isolation of the eye 


The crayfish Procambarus clarkii were collected 
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by us in ponds around Yokohama from April to 
June 1983 (for LD, DD experiments) and in June 
1984 (for LL experiments). The animals were 
brought to the laboratory on the day, and the eyes 
of 2-4 individuals were isolated for control before 
transfer to biotrons. The animals were kept in 
biotrons (Koitotron, Koito Co., Tokyo) under the 
following regimes: DD 24, LD 10:14, LL 24 at 
10°C and DD 24, LD 10: 14, LD 15:9, LL 24 at 
25°C. A white fluorescent lamp was used for 
illumination by attenuating light intensity to 2,000 
lux and 400lux at the surface of the animal. 
Animals were fed twice a week with boiled infant 
sardines (Chirimen or Shirasuboshi) which are 
commercially available at a local food shop and 
sometimes with spinach. In the experiments of 
constant darkness, the feeding was done under a 
dim deep-red light (A>620nm). Individual ani- 
mals were distinguished by numbered tapes 
attached to their chelae. 

The eye was isolated at the end of a dark period 
under the dim deep-red light in the cyclic LD 
experiments. In the experiments of constant 
darkness, the eye was isolated under the dim 
deep-red light at the same time as in the LD 
experiments. The right eye was at first isolated 
from an animal. The animal was then continued 
to be maintained in the biotron until the left eye 
was isolated after a certain period. This method 
of eye isolation allowed us to observe the changes 
in the composition of visual pigment at the in- 
dividual level. The isolated eyes were wrapped 
with aluminium foil and kept in a freezer at —30°C 
until use for chromophore analysis. 


Analysis of chromophore of visual pigment 


The chromophore of the visual pigment was 
determined by the same method as reported in the 
previous papers [4, 5]. An entire eye was homog- 
enized, freeze-dried and washed with petroleum 
ether. Retinal and 3-dehydroretinal were ex- 
tracted as oximes and analysed by high-pressure 
liquid chromatography (HPLC). HPLC was 
performed with a JASCO HPLC-system equipped 
with a column of Zorbax SIL (7, 2.1 x 250 mm) or 
Nucleosil (5 y, 2.1 x 250 mm), with the absorbance 
at 360nm being monitored by a UV-detector, 
UVIDEC 100-III. The peak area was determined 


with an integrator, Chromatopac E-1A (Shima- 
dzu). Retinal and 3-dehydroretinal were quantified 
from the peak areas and standard curves deter- 
mined with authentic compounds. Localization 
of retinal and 3-dehydroretinal was achieved by 
isolation of rhabdoms from the crayfish retina 
with a modified method of Hamacher and Stieve 


[6]. 


RESULTS 


Figure 1 shows chromatograms obtained from 
two eyes of one crayfish before and after keeping 
the animal in the condition of LD 10: 14 at 25°C 
each. The right eye was isolated immediately 
after collection from the field in April 1983, and 
then the animal was transferred to the biotron. 
The left eye was isolated after 8 weeks of main- 
tenance in the biotron. The right eye contained 
379 pmol of total chromophore of which 61.2% 
was 3-dehydroretinal. In the left eye, the total 
chromophore amount was 128 pmol of which 
3-dehydroretinal was only 3.6%. It is clear that 
porphyropsin decreased remarkably in the experi- 
mental conditions. 

Figure 2 shows the results of experiments in 
which animals were kept in the conditions of LD 
10: 14 (2,000 lux light intensity) at 10°C (A) and 
at 25°C (B). Each bar represents the chromophore 
amount in single eye. At 10°C, a remarkable 
decrease was seen in the amount of total chromo- 
phore but not in the proportion of 3-dehy- 
droretinal. On the other hand, the amount of 
3-dehydroretinal rapidly decreased to a trace 
level in the condition of 25°C. 

The results of the experiments using light of 
2,000 lux intensity (shown in Fig. 2) are sum- 
marized in Table 1 together with the results of 
another experimental group (LD 15:9, 25°C). 
The amount of total chromophore decreased in 
all experimental groups and the decrease was most 
prominent in the 10°C group. The proportion of 
3-dehydroretinal was extremely reduced in the 
25°C groups but not in the 10°C group. There was 
no significant difference both in the amount of 
total chromophore and in the proportion of 3- 
dehydroretinal between the LD 10:14 and LD 
15: 9 groups at 25°C. 
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360nm 


Absorbance at 


0 10 


i Coal 
Fic. 1. 
25°C (light intensity of 2,000 lux). 
immediately after collection. 
retinaloxime; 11,, 
3-dehydroretinaloxime. 

1/4 eye. 


We examined the changes in the visual pigment 
composition by keeping the crayfish at 10°C in 
various light regimes at an intensity of 400 lux. 
Figure 3A is the results of the experiment under 
the constant darkness. The amount of total 
chromophore and the proportion of 3-dehydro- 
retinal did not significantly change, although there 
were large individual variations. Figure 3B is the 
result of the LD 10:14 group. The amount of 
total chromophore decreased gradually to a low 
level. The time course was slower than that in 
the experiment with light intensity of 2,000 lux 
(Fig. 2A). The proportion of 3-dehydroretinal 
did not change markedly. Figure 3C shows the 
results of the experimental group under the 
constant light. As the animals used in this ex- 
periment were relatively small in size, the amount 


ME 


Chromatograms of the eyes before and after keeping a crayfish in the condition of LD 10: 14 at 
The animal was caught in April 1983. 
(B) Left eye isolated after 8 weeks post-capture. 11,, 
11-cis-3-dehydroretinaloxime; All,, all-trans-retinaloxime; 


All, All, 


x 


20 30 


(min ) 


(A) Right eye isolated 
11-cis- 


All,, all-trans- 


Fifty wl of 200 wl extract were injected into HPLC, corresponding to 


of total chromophore was small at the start of the 
experiment (The same explanation is made for 
Fig. 4C). In this group, also, the proportion of 
3-dehydroretinal did not significantly change 
during the experiment. The results shown in 
Figure 3 indicate that a high proportion of por- 
phyropsin is retained at 10°C irrespective of light 
or darkness. 

Figure 4 shows the results of the experiments at 
25°C in various light conditions. The high level 
of 3-dehydroretinal was maintained in the animals 
kept under constant darkness, and the amount of 
total chromophore increased. In the group of 
LD 15: 9, 3-dehydroretinal decreased gradually and 
completely disappeared after 4 weeks. The de- 
crease of 3-dehydroretinal was more rapid in the 
group subjected to constant light than in the LD 
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Fic. 2. Visual pigment composition of the crayfish 
kept in the condition of LD 10: 14 cycle (light 102@ sIsle24 
intensity, 2,000 lux). Left scale is the amount of (L=400 |x) 
chromophore per eye; white bar, retinal; black 
bar, 3-dehydroretinal; the results obtained from 
each single eye are shown. Right scale is the 
proportion (percentage) of 3-dehydroretinal to the 
total chromophore, means of 2-4 eyes (—@—). 
The animals were collected in April 1983. 
TABLE 1. The chromophore composition of visual 
pigment of the crayfish kept under various 
conditions at a light intensity of 2,000 lux 
Total 
ae chromo- 3-Dehy- 
Conditions phore droretinal WEEKS 
(pmol/eye)*  (%)* , 
Fic. 3. Effects of light (intensity, 400]lux) on the 
Before** (n=10) 446492 37.8+12.4 pigment composition of the crayfish at 10°C. 
10°C, LD 10: 14 M=11) 55+19 27.7411.4 3-Dehydroretinal is represented by black bars. 
25°C, LD 10: 14 @=10) 143--76 eel Scales are the same as in Fig. 2. The animals 
° i B) and 
25°C, LD 15:9 (n=5 178-40 1.2413 were collected in June 1983 for (A) and (B), 
: = x in June 1984 for (C). The same data of 0 week 
* Mean+SD; All values obtained from in (A) are represented in (B). 
animals kept in biotrons for 2-8 weeks were 
averaged. ** Animals were collected in 5 : Lee 
April 1983 and eyes were isolated immediately group. The results shown in Figure 4 indicate 


after the collection. that porphyropsin levels decrease at 25°C under 
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Fic. 4. Effects of light (intensity, 400 lux) on the 
pigment composition of the crayfish at 25°C. 
3-Dehydroretinal is represented by black bars. 
Scales are the same as in Figs. 2 and 3. The 
animals were collected in June 1983 for (A) and 
(B), and in June 1984 for (C). The same data of 
0 week in (A) are represented in (B). 


the light but not under the darkness. 
Next, we examined the synthesis of porphy- 


25°C 
LDr15:9 


100 


12 14 


6 le | at «Sia 


Fic. 5. The induction of 3-dehydroretinal synthesis 
at 10°C in the LD cycle and in constant darkness. 
Animals were kept at 25°C in LD 15: 9 photocycle 
(light intensity, 400 lux) for 4 weeks to diminish 
3-dehydroretinal before they were divided into 
two groups of LD 10: 14 (400 lux) at 10°C (A) 
and DD 24 at 10°C (B). White bar, retinal; 
black bar, 3-dehydroretinal. 


ropsin. Animals were kept in the condition of 
LD 15:9 at 25°C for 4 weeks, resulting in the 
reduction of 3-dehydroretinal to a trace amount. 
Following this, the animals were divided into two 
groups and transferred to the chambers of LD 
10:14 at 10°C and constant darkness at 10°C. 
Figure 5 shows the results of these experiments. 
3-Dehydroretinal reappeared in the two groups, 
but with long time lags. A substantial amount of 
3-dehydroretinal was detected after 6 weeks in 
constant darkness and after 14 weeks in the LD 
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10: 14 condition. When the animals were kept 
under the constant darkness at 25°C, 3-dehydro- 
retinal did not reappear (data are not shown). 
These results indicate that the synthesis of por- 
phyropsin was induced by lower temperatures 
irrespective of light or darkness. 


DISCUSSION 


It is evident from the results of the present 
experiments that the porphyropsin of the crayfish 
Procambarus clarkii is synthesized as a response to 
lower temperatures and broken down at higher 
temperatures in the presence of light. It has 
further become clear that the process of porphy- 
ropsin biosynthesis is slow while that of its removal 
is rapid. These facts agree well with the observed 
time course of the seasonal variation of the crayfish 
porphyropsin in the natural environment. The 
proportion of porphyropsin increased gradually 
from September to December but decreased rapidly 
in July [3]. The course of the seasonal variation of 
the crayfish porphyropsin was very similar to that 
of the bullfrog. Bullfrog porphyropsin, also, 
disappeared within one month in July [4]. We 
think the same mechanism as in the bullfrog eye 
underlies the seasonal variation of the crayfish 
visual pigment. Temperature must be more 
important factor than light period on the 
rhodopsin-porphyropsin system in the natural 
environment. A critical temperature seems to 
exist between 10 and 25°C; which is suggested by 
the present experiments as well as the observations 
in the natural environment [3]. For futher under- 
standing of the regulatory mechanism of the 
rhodopsin-porphyropsin system, it is important to 
determine the critical temperature more exactly. 

The presence of a vitamin A,—A, converting 
enzyme, retinol 3, 4-dehydrogenase, was suggested 
in the eyes of freshwater fish [7] and the frog Rana 
[8]. The regulatory mechanism of porphyropsin 
synthesis, however, has not been elucidated. The 
possibility exists that the synthesis of the 3, 4- 
dehydrogenase is induced by _ environmental 
factors via an internal messenger such as a 
hormone. Alternatively, the activity of this 
enzyme could be controlled by an _ internal 
regulatory factor which itself is influenced by 


environmental factors. It is known that thyroxine 
affects the rhodopsin-porphyropsin system, al- 
though the effect is in the opposite direction in 
freshwater fish [1,9] and frog tadpole [8, 10]. 
Thyroxine seems to work as an internal factor for 
the regulation of 3, 4-dehydrogenase in vertebrates. 
Nothing is known about the molecular mechanism 
of the regulation at the porphyropsin level in 
invertebrate. It would be most important to 
identify the substance acting as messenger or 
regulating factor in the crayfish. 

A large variation in the amount of total chro- 
mophore was found in the present experiments. 
The change was most prominent in the group 
of LD 10:14 at 10°C (Figs. 2A and 3B). The 
mechanism which underlies this phenomenon is 
not known at present. Some possible mechanisms, 
however, can be proposed. The regeneration of 
rhodopsin is quite slow in the crayfish. The half- 
time of regeneration was determined to be one day 
at 20°C using the HPLC method (unpublished 
data). A similar value was obtained from the 
fluorescence of metarhodopsin by Cronin and 
Goldsmith [11]. The amount of visual pigment in 
the eye must be determined by the. balance of 
degradation and regeneration of the visual pigment. 
The rate of degradation may exceed the rate of 
regeneration in the experimental condition of LD 
10: 14 at 10°C, resulting in a low level of visual 
pigment. The degradation rate may slow down 
in the absence of light, resulting in the observed 
high level of visual pigment. It is not known in 
crayfish photoreceptors whether the “regeneration” 
is due to a recombination of opsin with 11-cis 
chromophore as in the vertebrate visual pigment 
or due to biogenesis of visual pigment molecules 
as suggested in fly photoreceptors [12]. Another 
possible mechanism is a molecular adaptation to 
long-term stimulation by light resulting in a re- 
duction of the number of visual pigment molecules 
[13]. Changes in the number of receptor molecules 
in response to chemical stimuli are known in 
neurotransmitter receptors [14]. 

The visual pigment of the crayfish Procambarus 
clarkii has been studied repeatedly by many 
investigators, but no one had reported porphy- 
ropsin or 3-dehydroretinal in the eye before. Our 
finding that the crayfish has porphyropsin was in 
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clear contrast to all previously published results 
on the crayfish of North America [15, 16]. The 
present experiments have demonstrated that the 
crayfish porphyropsin disappears rapidly when the 
animals are kept at higher temperatures under the 
light. The effects of temperature and light on the 
labile pigment system seems to be responsible for 
the discrepancy between the previous reports 
[15, 16] and ours [3]. Since we were actually able 
to detect 3-dehydroretinal in the eyes of crayfish 
obtained from North Carolina, USA, we no longer 
need to seek for an explanation as to why P. 
clarkii in Japan are different from individuals in 
the U. S. [3]. 
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Effects of Potassium Ions on Motile Iridophores 
of Blue Damselfish 


NoORIKO OSHIMA, HIROAKI KASUKAWA and Ryozo Fuiil 


Department of Biology, Faculty of Science, Toho University, 
Miyama, Funabashi, Chiba 274, Japan 


ABSTRACT — Mechanism of action of K* on damselfish motile iridophores, whose motility has lately 
been shown to be of an entirely new type was studied. The ion brought the cells to become reflective 
to longer wave-length light-rays, i.e., from near ultraviolet up to green region. The so-called “‘coloring 
response” was blocked by alpha adrenolytic agents. Denervation of the cells or the withdrawal of 
Ca** from bathing media brought the cells unresponsive to K*. Even in Ca?*-free, K*-rich media, 
neither catecholamines nor adenosine lost their actions. The conclusion was that K* acts on pre- 
synaptic membrane of the nerves controlling the cells to bring about Ca’* inflow into the cytoplasm, 
which triggers the liberation of both the adrenergic true transmitter, norepinephrine, and the co- 
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transmitter, adenosine. 


It was further shown that the effector motility may not be directly dependent 


on the electrical events at the effector cell membrane. 


INTRODUCTION 


Potassium contracture of musculature is known 
to be triggered by the depolarizing action of the 
ion on the muscle cell membrane. That is, the 
action of K* is direct on the cells. In the chro- 
matic effector systems, on the other hand, the 
pigment aggregation in response to elevated K* 
concentrations has been shown to be caused by 
the indirect action of the ion [1, 2]. Namely, the 
ion acts on the neural elements surrounding the 
cells to liberate the neurotransmitter, which in 
turn induces the centripetal migration of chro- 
matosomes. The pigment-dispersing response of 
a light-scattering chromatophore, the leucophore, 
to K* is also known to be elicited by the same 
mechanism [3]. 

Being filled up with a stack or a few stacks of 
large reflecting platelets, the iridophore, on the 
other hand, has been believed to be immobile. 
Working on the chromatic system in the blue 
damselfish, Chrysiptera cyanea, however, we have 
recently found the “motile” iridophore [4]. The 
most striking difference of the cell from usual 
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iridophores known hitherto is that the distance 
between the adjoining platelets within the pile of 
them changes in response to certain stimuli. 
Thus, the spectral peak of the reflected light due 
to multiple thin-film interference moves either to 
longer or to shorter wave-length direction. The 
cellular motility is, therefore, of an entirely new 
type known among pigment cells, and further even 
among the cells of all the creatures. These 
circumstances have driven us to study as to whether 
K* affects the iridophore movements or not, and 
further to investigate how the mode of action is, 
if it does influence the coloring of the cell. 


MATERIALS AND METHODS 


The epi-illumination microscope system, elec- 
tronic devices and the recorders were the same as 
those employed in foregoing studies [5, 6]. Split 
dorsal-fin pieces [1] of the blue damselfish, 
Chrysiptera cyanea, were exclusively used in this 
study. They were prepared in a _ physiological 
saline, which had the following composition (mM): 
NaCl 128, KCl 2.7, CaCl, 1.8, p-glucose 5.6, 
Tris-HCl buffer 5.0 (pH 7.2). 

To prepare K*-rich salines, an equimolar KCI 
was substituted for NaCl in the primary saline. 


464 N. OsHimMA, H. KASUKAWA AND R. Fusm 


The solutions containing 10, 20, 30, 50, 70, 100 
and 128mM K* were used. In most pharma- 
cological experiments, 50-mM K*-saline was put 
to use, since we found it strong enough to induce 
the response with only little aftereffects. 

The Ca’*-free saline was prepared by ommitting 
CaCl, from the formula of the normal saline, to 
which EDTA (3 mM, 3Na-salt) was added.. The 
Ca**-free, K*-rich saline was prepared by in- 
creasing K* concentration to 50 or to 128 mM, 
while the equimolar Na* was deleted. 

Drugs employed included: norepinephrine 
hydrochloride (Sankyo, Tokyo), epinephrine 
hydrochloride (Sankyo), phentolamine mesylate 
(Ciba-Geigy, Basel), phenoxybenzamine hydro- 
chloride (Nakarai Chemical, Kyoto), propranolol 
hydrochloride (Sigma Chemical, St. Louis), and 
6-hydroxydopamine hydrobromide (Sigma 
Chemical). 

All measurements were done at a room temper- 
ature (22-24°C). 


RESULTS AND DISCUSSION 


In a recent paper, we defined the reaction, in 
which the motile iridophores become reflective to 
longer wave-length light-rays, i.e., from near 
ultraviolet up to green region, as the ‘“‘coloring 
response’, and the reverse process as the “‘clearing 
response” [6]. We have further indicated that the 
coloring response of the cells is controlled by 
sympathetic postganglionic fibers, and that the 
action of the neurotransmitter, norepinephrine, 
is mediated by alpha adrenoceptors on the effector 
cell membrane [6]. 
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As exhibited in Figure 1, we have found in the 
present study that an elevation of K* concen- 
tration in the bathing medium gave rise to the 
cellular reaction identical with that to cate- 
cholamines [6]. It was further shown that the 
minimal effective concentration of the ion to 
induce the response was as low as 10 mM. Upon 
an increase in the ionic concentration, the magni- 
tude of the coloring response attained increased, 
and the maximal degree of the response was 
reached by applying the saline containing the ion 
more than 30mM. The relationship of the K* 
concentration vs. the magnitude of the response is 
exhibited in Figure 2. 

The K* action was not blocked by propranolol, 
a beta adrenergic agent, while it was effectively 
inhibited by alpha antagonists, phentolamine and 
phenoxybenzamine. In the middle part of Figure 
1, the influences of propranolol and phentolamine 
were exhibited in succession. Like the coloring 
action of electrical nervous stimulation [6], there- 
fore, the effect of K* is mediated by alpha adre- 
noceptors possessed by the iridophores. That is, 
the site of the ionic action is not on the effector 
cell directly, and the sequence apparently includes 
the release of adrenergic transmitter from the 
controlling nerve-terminals. 

Withdrawal of Ca’* has been known to interfere 
with the release of the chemical transmitter from 
sympathetic nerves controlling fish melanophores 
[7, 8]. Also in the sympathetic-motile iridophore 
system, Ca’* was found to be indispensable for the 
K*-induced motile response, as demonstrated in 
Figure 3. The same figure further shows that, 
even in Ca’*-free media, exogenously applied 
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Photoelectric recording showing the coloring response-inducing action of Kt on the motile 


iridophores of the blue damselfish, Chrysiptera cyanea, and the influences of a beta adrenolytic agent, 


propranolol (PP), and an alpha one, phentolamine (PA), on the former. 
expressed as percentage of maximal response attained during the course of measurement. 


Degree of coloring response is 
In the final 


part of the record, the response to 5 x 10° M norepinephrine (NE) is shown. 
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norepinephrine or adenosine could give rise to 
the coloring response or the clearing one, re- 
spectively (Fig. 3). Thus, the iridophores them- 
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Fic. 2. Relationship between the concentration of 
K* and the magnitude of the coloring response. 
Perfusion for 5min with a saline containing 
various concentrations of K* ranging from 2.7 
to 128 mM was immediately followed by another 
5-min application of 5x10°°M_ norepinephrine 
to induce the maximal level of pigment aggre- 
gation. Abscissa; concentration of K* in mM 
(logarithmic scale). Ordinate; magnitude of re- 
sponse as a percentage of the maximal level 
of the response. Each point is the mean of 7 


measurements on different animals. Vertical 
lines indicate SE. 
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selves retain their motile responsiveness,  ir- 
respective of the presence or absence of Ca’**t 
(Fig. 3). Incidentally, adenosine has lately been 
shown to be the co-transmitter of the adrenergic 
chromatophore-controlling fibers [6, 9, 10]. 

Working on the melanophores of goby, Fujii 
and Taguchi[11] reported that, in Ca’*-free, 
isotonic K*-saline, in which, in addition to the 
blockade of the neurotransmitter release, the 
effector cell membrane should have been clamped 
depolarized, melanosome-aggregating agents 
(norepinephrine, epinephrine and _ melatonin) 
and dispersing ones (dibenamine and atropine) 
still held their respective actions on the cells. As 
typically illustrated in the right part of Figure 3, 
the very similar results were obtained on the 
damselfish iridophores: Even under Ca’*-free 
condition, the iridophores remained quite re- 
sponsive to exogenously applied catecholamines 
(norepinephrine and epinephrine) and to adenosine. 
Therefore, either the coloring or the clearing re- 
sponse may be rather independent of the electrical 
events at the effector cell membrane. Namely, for 
instance, the earlier speculation that negatively 
charged pigmentary particles might move back 
and forth within the cellular processes by intracel- 
lular electrophoresis [12, 13] seems to be incon- 
sistent with the present results. 

Fujii and Taguchi[11] further showed that 
denervated goby melanophores, which had been 
proved to be refractory to the heightened [K*]o 
[1], were also responsive to the pigment-motor 
substances cited above. In the damselfish irido- 
phores, too, K* lost its action to arouse the 
coloring response, when the tissue had been chemi- 
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Photoelectric recording showing the effect of Ca?*-withdrawal on the action of K*, and the effectiveness 


of norepinephrine (NE) and adenosine (AS) to arouse the coloring and the clearing response, respectively, 


either in Ca?*-free saline or in Ca?*-free, K*-rich (128 mM) saline. 


Note that the recovery from the effect 


of amine was very slow in Ca?+-free saline without containing adenosine, as seen in the right part of the 


figure. 
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Fic. 4. Photoelectric recording of the response of denervated iridophores, showing the effect of norepinephrine 
(NE) and adenosine (AS) in K-rich (128 mM) saline, either containing Ca’t or not. 


cally sympathectomized by a single intraperitoneal 
injection of 6-hydroxydopamine about two days 
before the measurements. That is, the cells kept 
their cleared state even in K*-rich saline. The 
addition of catecholamines to those media, how- 
ever, gave rise to coloring of the cells (Fig. 4). 
The recovery from the effect of the amines was 
much slower in the denervated iridophores than 
that seen among the normally innervated ones. 

Application of adenosine to these preparations 
elicited the rapid clearing response of the cells 
(Fig. 4). It was again apparent that the effects of 
catecholamines and adenosine were independent of 
the presence of Ca’* (Fig. 4). 

Based on the above observations, the sequence of 
the K* action on the damselfish iridophores is 
thought to be as follows: Acting not directly on 
the iridophores, K* does act first on the sym- 
pathetic chromatic fibers around the effector cells 
to depolarize the presynaptic membrane. The 
resultant Ca’* inflow into the presynaptic cytosol 
triggers the release of both the adrenergic trans- 
mitter and the co-transmitter, adenosine. These 
two kinds of transmitters antagonistic in function 
then interact with adrenoceptors of an alpha 
nature and adenosine receptors on the effector cell 
membrane, respectively, to suppress or to activate 
the adenylate cyclase system linked to the receptors 
(Oshima et al., unpublished data). The 
consequent changes in the cyclic AMP levels in 
the effector cytosol lead to the motile changes in 
the stacks of reflecting platelets through some 
unknown mechano-chemical sequences. Presum- 
ably, microtubular system has a dominant role 
in the motile activities of the unique light-reflecting 
cells (Oshima and Fujii, unpublished data). 


The rapid reversal of the coloring responses 
observable in vivo or after the nervous stimulation, 
including K* application, may be explained by 
the same mechanism as put forward by us recently 
concerning the control of melanophores: Of the 
two transmitter species, the true one, norepineph- 


_ Tine, is rapidly inactivated and also reuptaken in 


presynaptic terminals. Thus, the co-transmitter, 
adenosine, lasts longer to counteract the effect of 
the true one, leading to the rapid reversal of the 
colored state of the cells. 
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The Effects of Dynein ATPase Inhibitors on Melanosome 
| Translocation within Melanophores of the 
Medaka, Oryzias latipes 


SUMIKO NeEGIsHI', HECTOR R. C. FERNANDEZ!>2 
and MASATAKA OBIKA! 


‘Department of Biology, Keio University, Yokohama 223, Japan, and 
* Department of Biological Sciences, Wayne State University, 
Detroit, Michigan 48202, U.S. A. 


ABSTRACT — Melanophores of a teleost Oryzias latipes permeabilized by treatment with a detergent, 
Brij 58, are capable of responding to epinephrine and melanocyte concentrating hormone (MCH) 
with melanosome aggregation. This response is totally and irreversibly prevented by the presence 
of a dynein ATPase inhibitor, sodium orthovanadate. Pigment aggregation in intact melanophores 
elicited by either epinephrine or MCH is also blocked by another inhibitor of dynein ATPase, erythro- 
9 [3-(2-hydroxynony]l)] adenine (EHNA). These findings suggest that pigment aggregation is an ATP 
dependent process where dynein-like ATPase is probably involved. Melanophores which have been 
treated with Brij in the presence of epinephrine contain aggregated melanosomes. These preparations 
respond to a phosphodiesterase inhibitor, theophylline, with only a partial, slow pigment dispersion, 
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which is prevented by the addition of vanadate. 
eliciting pigment dispersal. 


INTRODUCTION 


A large body of evidence indicates that cyto- 
plasmic microtubules are essential for the rapid 
centripetal translocation of melanosomes (pig- 
ment aggregation) in fish melanophores [1-8]. 
Regarding the possible involvement of the 
microtubule-dynein ATPase system in generation 
of the motive force for pigment translocation, 
Clark and Rosenbaum [9] demonstrated that 
permeabilized melanophore _ preparations of 
Fundulus heteroclitus produced by _ treatment 
with the detergent Brij 58 were capable of re- 
sponding to stimulation by epinephrine with 
pigment aggregation and that this process was 
inhibited by the addition of a dynein ATPase 
inhibitor, sodium orthovanadate. Another dynein 
ATPase inhibitor, erythro-9[3-(2-hydroxynony]l)] 
adenine (EHNA) also inhibited pigment aggre- 
gation in intact melanophores [9]. The site of 
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Neither cyclic AMP nor cyclic GMP is capable of 


action of vanadate appears to be intracellular, 
since the drug added to the perfusion medium 
is totally ineffective on intact cells. In their 
Brij permeabilized preparation, epinephrine is 
required to initiate pigment aggregation but no 
other method has been employed to elicit pigment 
translocation. In the present experiment, we 
studied the effect of dynein ATPase inhibitors 
on the response of intact and Brij-treated melano- 
phores of the medaka, Oryzias latipes. Pigment 
aggregation was induced either by addition of 
epinephrine or melanocyte concentrating hormone 
(MCH) which has been recently isolated and 
characterized from the pituitaries of salmonid 
fish [10]. Pigment dispersion was produced by 
adding a phosphodiesterase inhibitor, theophylline. 


MATERIALS AND METHODS 


medaka, 
were dis- 


Scale melanophores of the adult 
Oryzias latipes, wild type (BBRR), 
sociated by mechanical shaking in the presence 
of 0.25% collagenase (Worshington, type II) and 
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0.15% trypsin (Merck) [11], and cultured in 
Falcon plastic dishes in L-15 medium supple- 
mented with 5% fetal calf serum for 24 to 48 hr 
before use. Melanosome aggregation and dis- 
persion were induced with 10 4M _ epinephrine 
(Sigma) or 10 nM synthetic MCH [12] and 10 mM 
theophylline (Tokyo Kasei), respectively. Cyclic 
AMP, dibutyryl cyclic AMP, cyclic GMP and 
dibutyryl cyclic GMP [13] (Yamasa) at 1 to 10 mM 
were also used to induce pigment dispersion in 
permeabilized cells. Chromatophore responses 
of individual melanophores were observed under 
a Nikon inverted microscope and quantitative 
recording was made by an automatic planimetric 
method employing the image analyzer system 
(Planimex 25, Nihon Regulator Co.) [14]. At 
least 15 cells were employed in each series of 
experiment. 

Cell permeabilization was carried out by using 
the procedure originally described by Cande [15] 
and later by Clark and Rosenbaum [9] but with 
some slight modification. Cells in culture were 
first washed in a buffer (90 mM PIPES, pH 6.95/ 
2.5 mM MgSO,/10 mM EGTA) for 1 min at room 
temperature, and then transferred to a lysis buffer 
containing 0.15% Brij 58 and 2.5% polyethylene 
glycol (M, 20,000) and incubated for various 
durations ranging from 45sec to 4min. Since 
incubation in the lysis buffer induced pigment 
aggregation in melanophores, 2 mM theophylline 
was added in the buffer to keep pigment granules 
dispersed. All procedures described above were 
carried out at room temperature (20-25°C). 
All the chemicals, except theophylline, employed 
in cell permeabilization were purchased from 
Sigma. Sodium orthovanadate at 10 to 100 uM 
(Wako) [16] and EHNA at 0.25 to 2mM (Bur- 
roughs Wellcome) [17] were used dissolved in 
buffer or saline. 

For electron microscopy, cells were fixed for 
30 min in 2.5% glutaraldehyde at room temper- 
ature and post fixed in 1% OsO, for 30 min 
in the cold. Both fixatives were buffered at 
pH 7.3 with 0.1M cacodylate. Sections were 
stained with uranyl acetate and lead citrate, and 
observed in a JEOL 1008S electron microscope 
at the acceleration voltage of 80 kV. 
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RESULTS 


Melanosome movement in permeabilized melano- 
phore preparations 


Melanophores treated in the lysis buffer for 
45 sec were capable of responding to the stimuli 
with pigment aggregation for the following 10 min. 
Magnitude and velocity of pigment translocation 
produced by epinephrine and MCH were nearly 
comparable to those produced in intact melano- 
phores (Fig. 1). In order to observe the re- 
versibility of melanophore preparations cyclic 
nucleotide and theophylline were perfused to 
the cells which aggregated with MCH for 4 min 
after Brij treatment for 45 sec. However, attempt 
to re-disperse melanosomes has so far been 
unsuccessful. Once aggregated, the cells became 
totally insensitive to theophylline and cyclic 
nucleotides. Melanophores treated in the lysis 
buffer in the presence of MCH retained pigmentary 
organelles at aggregated state. By perfusion with 
theophylline, these cells exhibited a slow, moderate 
pigment dispersion which was again irreversible. 


< Brij 
< Buffer 
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Fic. 1. Melanosome aggregation of intact and 
Brij-treated cells. Melanophores were treated 
with 0.15% Brij and 2.5% polyethylene glycol 
for 45sec, and transferred to buffer (PIPES 
90mM, EGTA 10mM, MgSO, 2.5mM) fol- 
lowed with 10nM MCH (A). Intact cells were 
aggregated with epinephrine (@) or MCH (O) 
after incubation with buffer without detergent 
or polyethylene glycol for 5 min (B). Each point 
represents the mean of 20 cells. 
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Fic. 2. Effect of vanadate on melanosome aggre- 
gation and dispersion. (a) Melanophores treated 
with Brij for 45 sec were perfused with buffer 
with (O) and without (@) 100 4M _ vanadate 
for 7min and followed with 10nM MCH. 
(b) Melanophores treated with Brij-MCH for 
45 sec were perfused with buffer for 7 min and 
followed with theophylline. Each point represents 
the mean of 15 cells. 


In the presence of 100 ~M vanadate in the lysis 
buffer and in the perfusion medium, centripetal 
and centrifugal translocation of melanosomes 
in permeabilized preparations was significantly 
and irreversibly arrested (Fig. 2). Vanadate at 
104M did not affect on both directions of 
pigment translocation. EEHNA_ also induced 
irreversible inhibition of melanosomes in perme- 
abilized preparations almost completely at 2mM 
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Fic. 3. Effect of EHNA on melanosome aggregation. 
Melanophores were treated with 0.15% Brij for 
45 sec and transferred to 10nM MCH perfusing 
buffer with 2mM (0), 0.5mM (A) and without 
(@) EHNA. Each point represents the mean 
of 16 cells. 


and partially at 0.5mM concentration (Fig. 3). 
Melanophores treated in the lysis buffer for 
more than 2min became immotile. Ultra- 
structural observation revealed that 45 sec lysis 
made the plasma membrane permeable to ferritin 
particles. Arrangement of cytoplasmic micro- 
tubules appeared to remain unaffected, although 
intracellular membrane structures, such as smooth 
and rough endoplasmic reticula, Golgi complex 
and related vesicles were greatly damaged. Melano- 
somal envelopes were sometimes partially or 
totally missing (Figs. 4 and 5). In the cells treated 
with Brij for more than 2 min, all the membrane 
system was practically missing. Arrays of micro- 
tubules and linear alignment of individual 
melanosomes in the dendritic cellular processes 
were fairly well retained in the cells treated for 
2min (Fig. 6), but prolonged lysis made them 
very diffuse. 


The effect of EHNA on intact melanophores 


Preincubation of intact melanophores in the 
medium containing 0.25mM EHNA for 5 min 
reversibly inhibited epinephrine and MCH in- 
duced pigment aggregation (Fig. 7). Saltatory 
movement of melanosomes ceased when treated 
with EHNA for 5 min. However, both saltatory 
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Fic. 7. Effect of EHNA on melanosome aggregation 
of intact cells. Melanophores were perfused 
with physiological saline containing (O) and 
without (@) 0.25mM EHNA for S5min, and 
followed with the addition of 10nM MCH. 
Each point represents the mean of 18 cells. 


movement and the response to MCH or epi- 
nephrine recovered almost completely by following 
perfusion with saline for 10min. Since this 
drug produces an instant, maximal pigment 
dispersion of melanophores even in the presence 
of epinephrine or MCH, its effect on pigment 
dispersal remains unclear. 


DISCUSSION 


Brij-permeabilized melanophores studied by 
Clark and Rosenbaum [9] was the first successful 
chromatophore preparations where pigment aggre- 
gation in response to epinephrine occurred to a 
significant extent. In our present study on medaka 


Fic. 4. Electron micrograph of a cultured melanophore. 
PIPES, pH 6.95/2.5 mM MgS0O,/10 mM EGTA) without detergent for 2 min. 


are well retained. Bar=1 ym. 
Fic. 5. 


Electron micrograph of a detergent treated melanophore. 


melanophores which appear to be much more 
fragile than those of Fundulus heteroclitus, we 


_ were also able to produce preparations in which 


melanosome aggregation was inducible by epi- 
nephrine or MCH. These reagents are probably 
elicit pigmentary response by binding to the 
membrane receptors. MCH receptors are inde- 
pendent of alpha adrenergic receptors since a 
specific inhibitor of the latter, dibenamine, does 
not affect the sensitivity of melanophores to MCH 
[18]. So far we have not succeeded in finding 
any method by which intracellular transport of 
melanosomes is directly produced. Although 
their response to the first stimulation is distinct, 
they respond to stimulus only once and then 
became immotile. The response of melanophore 
preparations gradually diminishes as the time of 
Brij treatment increases and could be due to 
damage to the receptor molecules, or to the fact 
that the motile machinery in the cell is being 
progressively disorganized or dissolved, as mani- 
fested by the drastic damage and ultimate loss 
of membrane systems. Pigment aggregation in 
detergent permeabilized and in intact melano- 
phores is arrested by vanadate or EHNA as has 
been reported for Fundulus melanophores [9] 
and in erythrophores of Holocentrus [19], suggest- 
ing the involvement of a dynein-like ATPase and 
also implying that this process is an energy 
consuming one. This is in contrast to the obser- 
vation made in erythrophores of Holocentrus 
where the inhibitors of oxidative phosphorylation 
prevent pigment dispersal, but not aggregation 
[20]. In melanophores of the medaka, 2, 4- 
dinitrophenol at 504M inhibits both pigment 
aggregation and dispersion [21]. 

Regarding pigment dispersion in detergent- 
treated melanophores, theophylline, one of the 
most potent pigment dispersing agents produced 


The preparation was incubated in buffer (90 mM 
Melanosomal envelops 


The preparation washed in buffer for 


0.15% Brij 58, 2.5% polyethylene glycol and theophylline 2 mM for 45 sec, and then transffered to buffer 


without detergent. 


membrane structures were damaged, and melanosomal envelops were partially missing. 
Fic. 6. Electron micrograph of a detergent treated melanophore. 
Melanosomal envelops were totally missing, although arrays 


method as described in Fig. 5 for 2 min. 


of microtubules and linear alignment of individual melanosomes were well retained. Bar 


Arrangement of microtubules was observed unaffected, although intracellular 


Bar=1 um. 
The preparation was treated with similar 


=] pm. 
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only a partial response. Although it is generally 
accepted that this effect is produced through 


inhibition of phosphodiesterase activity, neither | 


cyclic AMP nor cyclic GMP elicited pigment 
dispersal in Brij permeabilized melanophore 
preparations. Finally even though there remains 
some uncertainty concerning the specificity of the 
inhibitors employed [16, 22-24], the _ results 
obtained in this experiment seem to implicate the 
involvement of a dynein-like ATPase in melano- 
some translocation in melanophores of medaka. 


ACKNOWLEDGMENTS 


This work was supported by a grant to M. O. from 
the Ministry of Education, Japan (No. 58540472). 
Also supported by a fellowship to H.F. from the 
Japan Society for the Promotion of Science. Synthetic 
MCH was a generous gift from Dr. M. E. Hadley, 
University of Arizona. 


REFERENCES 


1 Bikle, D., Tilney, L.G. and Porter, K. R. (1966) 
Microtubules and pigment migration in the 
melanophores of Fundulus heteroclitus L. Pro- 
toplasma, 61: 322-345. 

2 Green, L. (1968) Mechanisms of movements of 
granules in melanocytes of Fundulus heteroclitus. 
Proc. Natl. Acad. Sci. U.S. A., 59: 1179-1186. 

3 Fujii, R. and Novales, R. R. (1969) Cellular 
aspects of the control of physiological color changes 
in fishes. Am. Zool., 9: 453-463. 

4 Porter, K. R. (1973) Microtubules in intracellular 


locomotion. Ciba Found. Symp., 14: 149-166. 

5 Schliwa, M. and Bereiter-Hahn, J. (1973)  Pig- 
ment movements in fish melanophores: Mor- 
phological and physiological studies. I. Cell 
shape and microtubules. Z. Zellforsch., 147: 
107-125. 

6 Murphy, D.B. and Tilney, L. G. (1974) The 


role of microtubules in the movement of pigment 
granules in teleost melanophores. J. Cell Biol., 
61: 757-779. 

7 Obika, M. (1976) An analysis of the mechanism 
of pigment migration in fish chromatophores. In 
“Pigment Cell Vol. 3’. Ed. by V. Riley and S. 
Karger, Basel., pp. 254-264. 

8 McNiven, M.A., Wang, M. and Porter, K.R. 
(1984) Microtubule polarity and the direction of 
pigment transport reverse simultaneously in surgi- 
cally severed melanophore arms. Cell, 37: 
753-765. 


9 


10 


11 


12 


13 


14 


1S) 


16 


7 


18 


19 


20 


21 


S. Necisu1, H. R. C. FERNANDEZ AND M. OBIKA 


Clark, T.G. and Rosenbaum, J. L. (1982) Pig- 
ment particle translocation in detergent- 
permeabilized melanophores of Fundulus hetero- 
clitus. Proc. Natl. Acad. Sci. U.S.A., 79: 
4655-4659. 

Kawauchi, H., Kawazoe,I., Tsubokawa, M., 
Kishida, M. and _ Baker, B. I. (1983) Charac- 


terization of melanin-concentrating hormone in 
chum salmon pituitaries. Nature (London), 305: 
321-323. 


Obika, M. (1976) Pigment migration in isolated 


fish melanophores. Annot. Zool. Japon., 49: 
157-163. 
Wilkes, B.C., Hruby, V.J., Castrucci, A. M., 


Sherbrooke, W.C. and Hadley, M. E. (1984) 
Synthesis of a cyclic melanotropic peptide ex- 
hibiting both melanin-concentrating and dispersing 
activities. Science, 224: 1111-1113. 

Negishi, S. and Obika, M. (1980) The effects 
of melanophore-stimulating hormone and cyclic 
nucleotides on teleost fish chromatophores. Gen. 
Comp. Endocrinol., 42: 471-476. 

Fujii, R. and Miyashita, Y. (1978) Recording of 
chromatophore responses by means of an image 
analyzer system. J. Pre-Med. Course Sapporo 
Med. Coll., 19: 129-140. 

Cande, W. Z. (1980) A permeabilized cell model 
for studying cytokinesis using mammalian tissue 
culture cells. J. Cell Biol., 87: 326-335. 


Gibbons, I.R., Cosson, M.P., Evans, J. A., 
Gibbons, B. H., Houck, B., Martinson, K. H., 
Sale, W.S. and “Tang, J. Y. (1978) Potent 


inhibition of dynein adenosinetriphosphatase and 
of the motility of cilia and sperm flagella by 
vanadate. Proc. Natl. Acad. Sci. U.S. A., 75: 
2220-2224. 

Bouchard, P., Penningroth, S.M., Cheung, A., 
Gagnonard, C. and Bardin, C. W. (1981) erythro- 
9-[3-(2-Hydroxynonyl)] adenine is an inhibitor 
of sperm motility that blocks dynein ATPase and 
protein carboxylmethylase activities. Proc. Natl. 
Acad. Sci. U.S. A., 78: 1033-1036. 

Kasukawa, H., Nagai, M., Oshima, N., Fujii, R. 
and Hadley, M. E. (1984) Action of melanin- 
concentrating hormone (MCH) of fish melano- 
phores. Zool. Sci., 1: 856. 

Beckerle, M.C. and Porter, K. R. (1982)  In- 
hibitors of dynein activity block intracellular 
transport in erythrophores. Nature (London), 
295: 701-703. 

Luby, K.J. and Porter, K. R. (1980) The 
control of pigment migration in isolated erythro- 
phores of MHolocentrus ascensionis (Osbeck) I. 
Energy requirements. Cell, 21: 13-23. 


Negishi, S. and Obika, M. (1978) The effect of 
2, 4-dinitrophenol on melanosome aggregation and 


22 


Effect of Dynein ATPase Inhibitors on Melanophores 


dispersion of Oryzias latipes. Zool. Mag., 87: 
395. 

Pike, M., Kredich,N.M. and Snyderman, R. 
(1978) Requirement of S-adenosyl-L-methionine- 
mediated methylation for human monocyte che- 
motaxis. Proc. Natl. Acad. Sci. U.S. A., 75: 


3928-3932. 


23 


24 


475 


Simons, T. J. B. (1979) Vanadate- a new tool for 
biologists. Nature (London), 281: 337-338. 
Schliwa, M., Ezzell,R.M. and _ Euteneur, U. 
(1984) — erythro-9-[3-(2-Hydroxynonyl)] adenine 
is an effective inhibitor of cell motility and actin 
assembly. Cell Biol., 81: 6044-6048. 


ree 8 


‘ 
’ - : eration dy ont 
1 ottheods ie 
ee vie La : ir ; 7 
ewes: : 
& 
d 
14 : tte 
7 1 } _ 


ZOOLOGICAL SCIENCE 2: 477-483 (1985) 


Establishment of a Cell Line (PF Line) from a Gynogenetic 
Teleost, Poecilia formosa (Girard) and Characterization 
of Its Repair Ability of UV-Induced DNA Damage 
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ABSTRACT — Fibroblast-like cells obtained from explant culture of an one-day-old fry of a naturally 
occurring gynogenetic teleost, the Amazon molly (Poecilia formosa), were serially subcultivated with a 
doubling time of approximately 1.5 days at 27°C for 540 days when the cells attained 252 Population 
Doubling Number (PDN) and the serial passage was stopped. Nosymptom of crisis was encountered 
during the passage. At several PDNs, changes in various biological parameters were examined. The 
growth characteristics of the cells strongly indicated that this PF line, like some other cell lines of fish, 
appears to have unlimited proliferating potentials without any apparent sign of being malignantly 
transformed, and hence to have been immortalized without transformation. During subcultivation, 
the cloning efficiencies considerably fluctuated between approx. | to 20%. Although the number of 
chromosomes was the same (46) at 12, 75, and 175 PDNs, all of the 46 chromosomes were acrocentric 
at 12 PDN while 45 acrocentric and 1 submetacentric chromosomes were found at 75 and 175 PDNs. 
The saturation cell density ranged from 6.8 to 12 x 10* cells/cm? during passage and the contact 
inhibition of growth generally worked well. The cells were highly proficient in photoreactivation of 
UV-induced cell killing as well as DNA damage in terms of UV-specific endonuclease sensitive sites. 
The potential usefulness of this cell line for study of relationships between DNA damage and car- 
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cinogenesis was discussed. 


INTRODUCTION 


The Amazon molly (Poecilia formosa), a 
naturally occurring gynogenetic teleost, has often 
been used as an interesting experimental material 
mainly for cytogenetic studies on fish [1-3]. 
From general biological point of view, however, 
the biggest advantage to use this naturally oc- 
curring gynogenetic fish is that the offspring of 
any given fish should be genetically identical to 
each other and hence to any member of that clone 
because of its nonsexual mode of reproduction. 
And indeed, in the field of radiation biology and 
cancer research, this fish came into the limelight 
since Hart et al. [4] have successfully used this fish 
to obtain evidence that pyrimidine dimers in DNA 
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can give rise to tumors: Briefly, they found that 
UV-irradiated cells from thyroid and adjacent 
tissue gave rise to thyroid tumors and that, if the 
irradiated cells were exposed to photoreactivating 
light before injection, tumor induction was sup- 
pressed. However, this successful use of the fish 
in turn raised a number of questions that will have 
to be answered experimentally. One of the 
potential difficulties in extending further studies 
appeared to be the lack of experimental systems 
which might relate events occurring in vitro to 
those in vivo [5]. Although some results were 
obtained by using cells derived from P. formosa 
[5, 6], the extensive utilization of cultured cells has 
still been limited mainly due to the absence of 
well proliferating and characterized cells in culture. 
It was highly desirable, therefore, to develop any 
research tool which allows further use of this fish 
for studies on relationships between DNA damage, 
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repair, and carcinogenesis. 

On the other hand, we have already succeeded 
in establishing cell lines from a goldfish with 
detailed characterization of their biological pro- 
perties [7]. Furthermore, DNA repair capabilities 
of the cultured fish cells thus obtained were 
thoroughly examined [8, 9]. These backgrounds 
prompted our cooperative project to establish 
and characterize cultured cell lines of the Amazon 
molly. 


MATERIALS AND METHODS 


Primary culture and subsequent subcultivation 
An one-day-old fry of P. formosa clone 2 of Brook- 
haven National Laboratory was used for explant 
culture as mentioned previously [7]. Several 
culture temperatures (27, 30, and 37°C) and culture 
media (alpha MEM supplemented with 5, 10, 15, or 
20% of fetal bovine serum, FBS; GIBCO) were 
tried. After the primary culture was accom- 
plished, serial subcultivation with an inoculum 
size of 2 x 10° cells/25 cm? flask (Corning) was done 
and population doubling number (PDN) was 
calculated at each passage as already described [7]. 

Chromosome number Colcemid (Wako Pure 
Chemicals) was added to a final concentration of 
0.05 vg/ml to exponentially growing cells and 
chromosome numbers were scored as mentioned 
previously [7]. 

Cloning efficiency 5x10° to 1x10* cells at 
several passages were seeded into 60 or 100mm 
dishes (Corning) and incubated at 27°C with 5 or 
10 ml of alpha MEM plus 10% FBS for 9 to 24 
days. The medium was renewed every 7 days. 
After fixing with methanol and staining with 
Giemsa solution, the number of colonies with 50 
or more cells was counted [7]. 

Saturation cell density Cells at various PDNs 
were plated at a density of 210° cells/25 cm’ 
flask in 5 ml of alpha MEM plus 10% FBS and the 
total number of cells per flask was determined at 
various periods through 31 days of incubation at 
27°C. The medium was renewed every 3 days. 

UV survival assay The procedures were es- 
sentially the same as described previously [8]. 
Briefly, adequate numbers of cells at various PDNs 
were plated in 60 mm dishes with 5 ml of alpha 


MEM plus 10% FBS and allowed to attach over- 
night at 27°C. After draining the medium and 
rinsing with phosphate buffered saline, the cells 
were exposed to 254nm UV. The cells were then 
incubated with the medium for 9 to 22 days for 
colony formation. 

Photoreactivation UV-irradiated cells, together 
with non-irradiated controls, were exposed to 
photoreactivating radiations (4x10W daylight 
fluorescent bulbs, NEC) at 27°C in accordance with 
the previously mentioned procedures [8]. 

UV-specific endonuclease sensitive sites (ESS) 
The number of pyrimidine dimers in the cellular 
DNA was quantitated by ESS method as already 
described by Shima and Setlow [9]. Briefly, PF 
cells labeled with *“*C- or *H-thymidine were ir- 
radiated with UV followed by exposure to photo- 
reactivating radiations. Then DNA extracted 
from cells was incubated with Micrococcus luteus 
UV-specific endonuclease to produce maximum 
incisions at the sites of pyrimidine dimers. The 
number of ESS was quantitated by alkaline sucrose 
gradient sedimentation of DNA followed by 
calculation of weight average molecular weight. 


RESULTS 


1. Growth characteristics 


Since the most active outgrowth of fibroblast- 
like cells from tissue explants was observed when 
the culture was done at 27°C in alpha MEM 
supplemented with 5% (v/v) FBS, subsequent 
serial passages were carried out by using only the 
above-specified culture conditions. Figure 1 
summarizes changes in PDNs as a function of 
culture time up to 540 days when the serial sub- 
cultivation was stopped. Although some minor 
fluctuations in cell growth occurred during the 
passage, no distinct symptom of crisis could be 
found and the cells, now named PF line, continued 
proliferating with almost the same doubling time 
of approx. 1.5 days throughout the experimental 
period. 

Cloning efficiencies of PF cells at various PDNs 
are shown in Figure 2. For colony formation 
assay, the FBS concentration was increased from 
5%, a concentration used for serial passage, to 
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10%. The cloning efficiencies at earlier passages 
(17 and 39 PDNs) were considerably low, however, 
a higher value was obtained from 70 through 
136 PDNs. The incubation period was 19 to 24 
days except for cells at 83 PDN for which 9 days’ 
incubation was enough. When the same numbers 
of cells at 70 PDN were inoculated into 60 or 
100 mm diameter dishes, a higher cloning efficiency 
was obtained always from 60mm dishes. These 
results indicate that although the efficiency was 
fairly low, colony formation was possible in PF 
cells at any passage. 

Figure 3 shows saturation cell densities at 17, 90, 
158,and 175 PDNs. The doubling time estimated 
from the slope of the straight line portion of each 
curve was, irrespective of difference in PDNs, 
almost the same (approx. 1.5 days). After ex- 
ponential growth for 7 days, cells reached a plateau 
phase. The level of the plateau, i.e. saturation cell 
density, was almost the same (10O—12 x 10* cells/ 


Fic. 1. Cumulative growth curve in terms of PDNs 
of PF cells as a function of culture days at 27°C. 
Serial passages were carried out by inoculating 
2 x 10° cells/25 cm? flask in 5 ml of alpha MEM 
plus 5% FBS. 
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Fic. 2. Cloning efficiencies of PF cells at various PDNs. Serum concentration was increased to 10% 
for colony formation. The incubation period was 19 to 24 days except for cells at 83 PDN (9 days). 
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Fic. 3. Saturation densities of PF cells at various PDNs. The doubling time estimated from the slope 


of the initial straight line portion of each growth curve was approx. 1.5 days. 


renewed every 3 days. 


cm’) at 17, 158, and 175 PDNs while a lower level 
(6.8 x 10* cells/cm”) was found in PF cells at 90 
PDN. Despite about 2-fold difference in satu- 
ration cell density, cells at the four PDNs remained 
confluent during incubation period of 20 to 31 
days without any apparent sign of piling up. 
Distributions of chromosome number of PF 
cells at three PDNs are depicted in Figure 4. The 
modal number of 46 remained unchanged. How- 
ever, although all the 46 chromosomes were 
acrocentric at 12 PDN, 45 acrocentric and 1 
submetacentric chromosomes were recognized at 
75 and 175 PDNs. Here, it should be noted that 


The medium was 


arm numbers were consistently 46 at all the three 
PDNs examined. 


2. UV survival sensitivity 


A typical UV dose-survival relationship of PF 
cells is shown in Figure 5 for cells at 100 PDN. 
This survival curve is characterized by the following 
radiobiological parameters: n (extrapolation num- 
ber)=2.5, Do (mean lethal dose)=1.9 J/m’, and 
Dg (quasi-threshold dose) =1.7 J/m’. No essential 
changes in these parameters and hence in UV sen- 
sitivity in terms of cell survival could be detected 
during cell passage. 
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Fic. 4. Distribution of chromosome number of PF 
cells at three PDNs. Number in parenthesis 
indicates culture time in days. N: number of 
metaphases measured. 


3. DNA repair ability 


Figure 6 shows photoreactivation of UV- 
induced cell killing as revealed by the use of PF 
cells at 136 PDN. The PF cells were irradiated 
with 6 J/m? 254 UV, which reduced ‘the survival to 
10% of the control. Exposure of 6J/m* UV- 
irradiated cells to photoreactivating light (PRL; 
12.8 W/m’) increased the survival (‘‘observed”’ 
survival in Fig. 6). Since PRL itself had cell 
killing effect, the survival corrected for this lethal 
effect of PRL (‘‘corrected” survival in Fig. 6) 
revealed that PF cells were highly proficient in 
photoreactivation, a photoreactivable sector 
being almost 1.0. In contrast, no change in 
survival could be detected by keeping UV- 
irradiated cells in the dark, indicating the absence 
of any dark-repair system in the cells. 

Finally, Table 1 summarizes formation and 
photoreactivation of pyrimidine dimers in terms of 
ESS in PF cells at two PDNs. Number of ESS 
formed in 10° daltons DNA by 1 J/m’* 254 UV was 
2.97 and 2.95 for PF cells at 17 and 175 PDNs, 
respectively. By exposure of UV-irradiated PF 
cells to PRL for 30 or 60 min at 27°C, number of 


PF Cells at 100 PDN 


rae 
10° 
e) 
Cc 
°o 
~ -1 
S10 
= 
uw 
oa 
Cc 
> 
> 
. 
a 
n:2.5 
io: 2 a 
Do:1.9 J/m 
etl. 7 wen. 
CVE. 319, 5% 
io” 


(@) 2 4 6 8 10 12 
UV Fluence (J/m?) 


Fic. 5. UV dose-survival relationship in PF cells at 
100 PDN. n: extrapolation number, Do: mean 
lethal dose, Dq: quasi-threshold dose, C.E.: cloning 
efficiency. 


TABLE 1. Formation and photoreactivation of 
pyrimidine dimers (ESS) in PF cells 


No. of ESS/10° Percent ESS 


PDN daltons DNA disappeared by 
per J/m?—254 UV exposure to PRL 
17 2.97 30 min— 35 
60 min— 65 
175 2.95 30 min— 60 
60 min—100 


PF cells at each PDN were irradiated with 5 J/m? 
of 254 nm UV. 


ESS steadily decreased. Percentage decrement in 
cells at 175 PDN, however, appeared to be larger 
than that at 17 PDN, although photoreactivating 
capabilities were obviously high in PF cells at 
either PDNs. On the other hand, no essential 
decrease in number of ESS could be found in 
UV-irradiated PF cells of either PDNs kept in the 
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Fic. 6. Photoreactivation of UV-induced killing of PF cells at 136 PDN. 


PF cells at 136 PDN were 


irradiated with 6 J/m? of 254 nm UV followed by exposure to photoreactivating light (PRL) up to 
60 min. The average intensity of PRL was 12.8 W/m’. 


dark (data not shown here). 


DISCUSSION 


We reported here the establishment of a cell 
line, PF line, from an one-day-old fry of 
gynogenetic teleost, the Amazon molly (Poecilia 
formosa). Further, DNA repair properties in 
UV-irradiated PF cells were characterized. 

The growth characteristics of PF cells were very 
similar to those already reported [7, 10]. RBCF-1 
cells [7] attained 200 PDN at the 310th day of 
culture at 37°C, while PF cells reached 252 PDN 
after 540 days’ culture at 27°C. Although the 
doubling time is considerably different between the 
two lines mainly due to a difference in culture 
temperature, the both lines seem to have unlimited 
proliferating potentials. When PF cells reached 


confluency, contact inhibition of growth worked 
considerably well and no apparent sign of cell 
piling up could be detected. These results may 
suggest a possibility that PF cells, as well as 
RBCF-1 [7] and CAF [10] cells, have been im- 
mortalized without malignant transformation. 
This possibility is, of course, subject to future study 
particularly in relation to activation of some 
oncogenes. Concerning the karyotype change 
that one submetacentric chromosome was found 
in PF cells at 75 and 175 PDNs but not at 12 PDN, 
no readily plausible explanation can be presented. 

DNA repair properties of the presently estab- 
lished PF cells were found again to be almost the 
same as those of thyroid cells of P. formosa [4, 11] 
and RBCF-1 cells [8, 9]. That is, PF cells were 
essentially deficient in excision repair but highly 
proficient in photoreactivation repair of UV- 


DNA Repair in Cultured Fish Cells 


induced DNA damages. Therefore, despite some 
variations in photoreactivabilities during passage, 
we may conclude that PF cells in culture appear to 
be almost equivalent to thyroid cells in situ with 
respect to DNA repair properties. 

There are many indications that chemically or 
physically induced DNA damages are potentially 
mutagenic and carcinogenic. Potential usefulness 
of a gynogenetic teleost, P. formosa, in search of a 
relationship between DNA repair and carcino- 
genesis has been pointed out [4]. The present 
establishment of cultured cell line from P. formosa 
should provide us with research tool which can 
link in vitro events with those in vivo. For 
example, by treating the cell in vitro with chemical 
or physical agents, quantitating DNA damages 
and repair, and subsequently injecting the treated 
cells into the histocompatible members of the same 
clone, one shall be able to know quantitative 
relationships between DNA damage (occurring 
in vitro) and tumorigenesis (occurring in vivo). 
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Cylinder Protein Isolated from Rat Liver Mitochondria 
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Funabashi 274, Japan 


ABSTRACT — Cylindrin forming a hollow cylinder tube structure, first isolated from erythrocyte 
membranes, was purified from rat liver mitochondria. The cylindrin was mainly present in matrix, 
but not in the outer and inner membranes of mitochondria. An SDS gel electrophoresis showed that 
main component of mitochondrial cylindrin has the chain weight of 24,000. Mitochondrial cylindrin 
tubes were 13 and 7nm in outer and inner diameters, respectively. The tube length varied, the 
longest being 240 nm. The periodicities of 4mm were present in longitudinal direction. The tube 
structure formation required magnesium ions. Additions of 10 mM EDTA or I M KI resulted in 
the dissociation of the tubes into the rings and smaller subunits. Addition of 10 mM dithiothreitol 
disrupted the tubes into the rings. This kind of tube structure has not been detected yet in 
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mitochondrial matrix in situ. 


INTRODUCTION 


Cylindrin is protein originally isolated from 
erythrocyte membranes that forms a_ hollow- 
cylinder of diameter 12.5nm and length 17 nm, 
reported by Harris in 1968 [1,2]. It was first 
suggested that cylindrin exists in its assembled 
structure on the cytoplasmic surface of erythrocyte 
membranes [3]. However, this proposal has not 
been confirmed and recently Harris has pointed 
out that cylindrin is very similar, if not identical, 
to rabbit reticulocyte aminoacyl-tRNA synthetase 
complex [4]. 

During a survey of actin in rat liver mito- 
chondria we have encountered the presence of 
hollow cylinder forming protein almost identical 
with erythrocyte membrane cylindrin, as judged 
by the electron microscopic structure and the 
molecular weight. The present paper deals with 
the isolation and characterization of the cylindrin 
of mitochondrial origin. 


Accepted March 11, 1985 
Received February 19, 1985 
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MATERIALS AND METHODS 


Preparation of mitochondria 


Wistar strain male rats of 4 to 6 months old 
were used. Livers were perfused with 0.9% NaCl, 
and gently homogenized in solutions containing 
0.25 M sucrose, 1mM_ Tris-HCl, pH/7.4, and 
0.1mM EDTA (STE solution). Mitochondria 
was prepared by repeated differential centrifuga- 
tion using STE solution [5]. Approximately 1.2 g 
of mitochondria was obtained from 80 g of liver 
(5 rats). 


Preparation of mitochondrial matrix proteins 


Fractionation of mitochondria was carried 


out by the procedures of Greenawalt [6]. Mito- 
chondria, 50mg/ml, were suspended in STE 
solution containing 0.6% digitonin. Other 


membranes and mitoplasts were separated by 
centrifugation for 10min at 9,000xg. To the 
precipitate (mitoplasts), Emulgen 109 P was 
added to give 0.16 mg/mg of protein to dissolve 
inner membranes. The matrix proteins were 
separated from the membrane fractions by ultra- 
centrifugation for 1lhr at 144,000xg. About 
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400 mg of the matrix proteins were obtained 
from 80 g of liver. 


Isolation of cylindrin 


Mitochondria, approximately 60 mg/ml, were 
homogenized in the presence of 20 mM ATP and 
sonicated three times, 20 to 30sec each. After 
centrifugation for 1 hr at 144,000xg, the super- 
natant was subjected to (NH,),SO, fractionation 
in the presence of 0.1 M KCl and 2mM MgCl. 
Precipitates formed at 60% saturation were sus- 
pended in 35% saturation (NH,).SO. containing 
0.5mM ATP, and centrifuged for 20min at 
20,000 xg. The precipitate was suspended in a 
solution consisting of 0.1 M KCl, 2mM MgCl, 
and 0.5mM ATP, and dialyzed against the same 
solution. The tubular material was sedimented 
by centrifugation for 1hr at 144,000xg. The 
precipitate was sonicated and clarified. For 
further purifications, the tubular material was 
dissolved in 1M KI, centrifuged for 1lhr at 
144,000xg and the supernatant was dialyzed 
against 0.1M KCl and 2mM MgCl. The 
reformed tubules were collected by ultracen- 
trifugation. The yield of cylindrin was about 
2 to 3mg from 4g of mitochondria or from 
1 g of matrix proteins. 


Analytical procedures 


An SDS gel electrophoresis was carried out 
according to Weber and Osborn using 10% 
polyacrylamide gels [7]. Samples negatively 
stained with 1% uranyl acetate were observed 
under a JEM 1008S electron microscope at an 
accelerating voltage of 75kV. Amino acid 
compositions were determined by a Hitachi 835 
amino acid analyzer. 


RESULTS AND DISCUSSION 


Molecular size and amino acid composition of 
mitochondrial cylindrin 


Since the cylindrin preparations from whole 
mitochondria and their matrix proteins were 
essentially the same, the results with the latter 
origin are described below. The purified material 
showed a main band corresponding to approxi- 
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mately 24,000 daltons in an SDS gel electrophoresis 
(Fig. 1). This value is similar to those reported 
for erythrocyte membrane cylindrin: 20,000 [8]; 
28,000, 25,000 and 22,000 [9]. However, Lande 
et al. [10] have recently claimed that human 
erythrocyte cylindrin consists of as much as 
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chondrial cylindrin (solid circle). Molecular 
weight markers used: egg albumin, actin, 
chymotrypsin and cytochrome c (open circles in 
decreasing order). Right photograph shows SDS- 
gel electrophoresis of mitochondrial cylindrin; 
the main band corresponds to approximately 
24,000 daltons. 


TABLE 1. Amino acid composition of 
tubular protein* 


Asp 103.6 
Thr 63.6 
Ser 63.7 
Glu 92.3 
Pro 62.8 
Gly 72.3 
Ala TS 
Cys/2 11.8 
Val 95.8 
Met 4.4 
Tle 43.5 
Leu 95.9 
Tyr 16.2 
Phe 69.6 
Lys 61.2 
His 40.2 
Arg 30.5 


* Residues per 1,000 residues. 
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7 protein species ranging from 24,500 to 29,000 
daltons. Harris and Watkins [11] have also 
indicated that human erythrocyte cylindrin con- 
tained 4 to 5 polypeptides in the range of from 
22,000 to 29,000 daltons. When mitochondrial 
cylindrin was carefully examined by SDS gel 
electrophoresis, it appeared that there were 
several faint bands below 24,000 daltons that 
were not clearly distinguishable. 

The amino acid composition is listed in Table 1. 
Cylindrin is an acidic protein: the contents of 
aspartic and glutamic acids were more than those 
of lysine, arginine and histidine. Cylindrin was 
rich in the phenylalanine content. Since there 
is no information available for the amino acid 
composition of erythrocyte cylindrin, the com- 
parison between mitochondrial and erythrocyte 
cylindrins is not possible at present. 


Tubular structure of cylindrin 


Figure 2A shows a typical hollow cylinder with 
outer diameter 13 nm and inner diameter 5 nm. 
There are longitudinal periodicities of 4nm. 
The length was not uniform (Fig. 2B). The 
average length was 40 nm and the longest measured 


Fic. 2. Tube structures isolated from mitochondrial matrix. 
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240 nm. These tubular structures are essentially 
the same as those of erythrocyte cylindrin [1, 2, 8], 
except much larger in the length of tube in mito- 
chondrial cylindrin than in erythrocyte ones. 
There were a few rings or rectangles, possibly 
end-on views of the structural units of the hollow 
cylinder (Fig. 3A, B). It is not clear how the 
unit structure is built up with the 24,000 daltons 
subunit (cf. [1]). 


Dynamic aspects of tubular structure 


The tubular structure of mitochondrial cylindrin 
was dissociated into rings and smaller subunits 
by the addition of 1M KI (Fig. 3A). Removal 
of KI by dialysis against 0.1 M KCl with 2mM 
MgCl, resulted in the reconstruction of the 
hollow cylinder (Fig. 3B). In this reconsti- 
tution, ATP was not required. 

It is of interest to note that magnesium ions 
are necessary to form the tubular structure. 
Addition of 10mM EDTA caused complete 
disappearance of the tubes and also rings. When 
this sample was dialyzed against 2mM MgCh, 
short tubes were formed together with a few rings 
even 5 min after the start of dialysis. Then the 
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Various length of tube structures 


were observed with different magnifications, A and B. Bar, 100 nm. 
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bb 


Fic. 3. 


Effect of 1 M KI treatment on the mitochondrial tube structure. 


A, in 1M KI; 


B, after dialysis of 1 M KI-treated tube structure against 0.1 M KCl and 2mM MgCl. 


Bar, 100 nm. 


tubes became longer reaching the maximum within 
2hr. It appears that magnesium ions are required 
for the formation of the ring, and the rings are 
quickly assembled into the tubes. Thus, the 
ring formation seems to be the rate limiting step 
for the tube formation. It should be noted that 
micromolar concentrations of calcium ions are not 
involved in the process, because the addition of 
0.2mM EGTA to 2mM MgCl, did not change 
the process of tube formation. 


Two more observations were performed. Sonic 
vibration resulted in fragmentation of the tubes 
into the rings even in the presence of 0.1 M KCl 
and 2mM MgCl. Also, the addition of 0.1M 
dithiothreitol caused the disruption of the tubes 
into the rings (Fig. 4). Although further inves- 
tigations were not carried out, these observations 
strongly suggest that the tubes are not stable, and 
easily destructed. 


Cylinder Protein from Liver Mitochondria 489 


Fic. 4. Effect of 0.1 M dithiothreitol 


On the nature of the cylinder structure 


In the present study, we isolated cylindrin 
which was polymerized by magnesium ions but 
not by ATP. This protein shows the same 
characteristics as cylindrin originally isolated 
from erythrocyte membranes [1, 2]. However, it 
has been shown that cylindrin is present in the 
cytoplasm of erythrocytes [12]. More recently, 
it has been reported that cylindrin is nothing 
but an enzyme, aminoacyl-tRNA synthetase 
[4, 11]. 

In the present study, cylindrin was not present 
in both outer and inner membranes of mito- 
chondria. It was almost exclusively found in 
the soluble matrix fraction. It is rather likely 
that cylindrin exists in the monomeric form in 
mitochondria, and the hollow cylinder is formed 
in vitro under the influence of magnesium ions 
during the preparation of cylindrin. We have 
never seen the tube structure of cylindrin in the 
electron micrographs of thin sections of mito- 
chondria. Furthermore, we could not identify 
the cylindrin as any specified enzymes present in 
mitochondrial matrix, such as glutamine synthetase 
[13]. Although the ring structure is very similar 
to that of reticulocyte aminoacyl-tRNA synthetase 
[11], the tube structure appears to be somewhat 
different, e.g. periodicity of length. Further study 
is needed to settle this problem. 


on the mitochondrial tube structure. 
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Does Muscle £-Actinin Affect the Ouabain Sensitivity 
of (Na, K)ATPase Activity of Cell Membranes? 
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ABSTRACT — It was reported that §-actinin-like protein regulates the ouabain sensitivity of 
(Na, K)ATPase activity of cell membranes of murine plasmacytoma cells (MF,S) (Geny ef al., 
1982). In the present study, we could not detect the effects of muscle f-actinin using porcine 
erythrocyte membranes, dog kidney outer medulla microsomes and cell membranes of cultured 
Madin Darby canine kidney cells (MDCK). Furthermore, f-actinin-like proteins prepared from 
MDCK cells according to Geny ef a/. did not show any actions not only on the ouabain sensitivity of 
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(Na, K)ATPase activity, but also on the reannealing of fragmented actin filaments. 
It is concluded that muscle f-actinin is not related to the 


process is inhibited by muscle §-actinin. 


The latter 


regulation of cell membrane (Na, K)ATPase activity. 


INTRODUCTION 


Ouabain is a specific inhibitor of ATP hydrolysis 
and the active transport of Na and K catalyzed by 
(Na, K)ATPase in plasma membranes [1, 2]. A 
remarkable feature of the inhibitory effect of 
ouabain is the difference in sensitivity to this 
inhibitor between species [3,4]. It is generally 
assumed that the a subunit of (Na, K)ATPase is 
the principal, if not sole, ouabain-binding protein 
in animal cells [5]. It seems likely, therefore, 
that species variation in ouabain sensitivity may 
be due to the difference in the structure of the 
(Na, K)ATPase a subunit. 

However, Geny et al. [8] have reported that /- 
actinin, an actin regulatory protein discovered by 
one of the authors of this report [for a review, see 
9], is involved in the regulation of ouabain sensiti- 
vity of (Na, K)ATPase in murine plasmacytoma 
cells (MF.S). We were interested not only in the 
regulatory property of the §-actinin of MF,S 


Accepted April 22, 1985 
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cells to ouabain sensitivity but also in the method of 
preparation which is different from the original 
method of Maruyama ef al. [10]. 

This paper concludes that f-actinin prepared 
from rabbit skeletal muscle [10] does not affect the 
ouabain sensitivity of (Na, K)ATPase. Also, 
proteins with characteristics similar to MF,S 
**8-actinin” in molecular size prepared from Madin 
Darby canine kidney cell (MDCK) do not show 
any inhibitory action of §-actinin on the rean- 
nealing of actin filaments. 


MATERIALS AND METHODS 


Cell As described previously [11], confluent 
cells of MDCK (both normal and ouabain- 
resistant cell lines) cultured as a monolayer were 
first washed with phosphate-buffered saline, then 
scraped from the plates using rubber policemen. 
The packed cells were stored in 0.25 M sucrose at 
— 80°C. 

Isolation of a membrane fraction of MDCK 


cells The membrane fraction was isolated by 
essentially the same method as Lelievre ef a/. [12]. 
Cultured MDCK cells were washed twice with 
physiological saline, suspended in a lytic medium 
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Residual Activity (~% ) 


10° 10° 


Ouabain (M) 


Fic. 1. 


Effect of f-actinin on ouabain sensitivity of (Na, K)ATPase. 


To 5ml of 


EDTA treated erythrocyte ghost (2.5 mg protein), 1 ml of either $-actinin (0.5 mg) 
(4) or 1mM NaHCO, (A) was added and the solution was incubated in the 
presence of 0.1 mM CaCl, in a 25 mM imidazole/HCl (pH 6.8) solution at 4°C for 


90 min. 


For dog kidney microsome, 0.3 ml of either 8-actinin (0.3 mg) (@) or 1 mM 


NaHCO, (O) was added to 0.7 ml of EDTA treated microsome (1.5 mg) and the 


mixture was incubated in the same way as for the erythrocyte ghost. 


The residual 


activities were assayed as described in Materials and Methods. 


containing 1 mM NaHCO, and 2mM CaCl, and 
adjusted to a pH of 8.0 with Na.CO;. The lysed 
cell suspension was centrifuged at 27,000 xg for 
20 min and the pellet was resuspended in 50% 
(w/w) sucrose in 5 mM Tris/HCl (pH 8.0). Mem- 
branes were then purified by sucrose gradient cen- 
trifugation. This was done first by successively 
layering 5 ml of a 44% sucrose solution and 5 ml 
of a 2% sucrose solution onto 10 ml of cell mate- 
rials suspended in a 50% sucrose solution. Then 
centrifugation was performed in a Hitachi 50 
angle rotor for 3 hr at 34,000 rpm. The band at 
the interface between 44% and 32% was collected, 
washed with 10 mM Tris/HCl (pH 7.5) containing 
0.2mM CaCl, and stored in 10mM _ Tris/HCl 
(pH 7.5). 


Treatment of membrane with EDTA The mem- 
branes were incubated in a 0.25 M sucrose solution 
containing 30mM_ imidazole/HCl (pH 6.8) and 
1mM EDTA for 45 min at 4°C with magnetic 
stirring and centrifuged at 27,000xg for 45 min 
[13]. The pellet was suspended in 10mM Tris/ 
HCl (pH7.5). The supernatant was dialyzed 
against 25 mM _ imidazole/HCl (pH 6.8) and con- 
centrated by using an Amicon YM 5 membrane 
filter. 

Ouabain sensitivity of (Na, K)ATPase activity 
The ouabain sensitivity of (Na, K)ATPase was 
checked with concentrations between 10° M and 
10°*M of ouabain. Prior to the addition of 
3 mM ATP, (Na, K)ATPase was preincubated for 
10 min at 37°C in an assay medium containing 
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Fic. 2. Effect of 8-actinin on ouabain sensitivity of MDCK OR membrane ATPase. Varied 
amounts of §-actinin were mixed with 50 wg of EDTA treated MDCK OR membrane, 
and the solution was made up to a final volume of 0.15 ml using a medium containing 


0.1mM CaCl, and 25 mM imidazole/HCI (pH 6.8). 


This was incubated at 4°C for 


90 min and the residual activities were assayed in the absence (O) or presence (@) of 


5x 10-*° M ouabain. 


140 mM NaCl, 14mM KCI, 5mM MgCl, 50 mM 
Tris/HCl (pH 7.5) and varied concentrations of 
Ouabain. The activities are expressed as the 
percentage of (Na, K)ATPase activity measured 
in the absence of ouabain. 

Other methods f-Actinin from rabbit skeletal 
muscle was prepared as described before [10]. 
Porcine erythrocyte membranes and microsomes 
from dog kidney outer medulla were prepared by 
the method of Charalambous and Mir [14] and 
Jorgensen [15], respectively. Protein deter- 
minations were performed according to the method 
of Lowry et al. [16] using bovine serum albumin as 
the standard. SDS polyacrylamide gel electro- 
phoresis was carried out by the method of Laemmli 


[17]. 


RESULTS AND DISCUSSION 


Effect of f-actinin on ouabain sensitivity of (Na, 
K)ATPase 


We first tested the effect of muscle /-actinin 
prepared from rabbit skeletal muscle on the 
ouabain sensitivity of three (Na, K)ATPase pre- 
parations from’ different sources (porcine 
erythrocyte membranes, microsomes of dog 
kidney outer medulla and MDCK cell membranes). 
Since Geny et al. [8] claim that the modification of 
ouabain sensitivity with £-actinin is possible only in 
the presence of calcium (0.01 to 0.1 mM), mem- 
branes were incubated with f-actinin for 90 min 
at 4°C in a medium containing 25 mM imidazole/ 
HCl (pH 6.8) and 0.1 mM CaCl, and then assayed 
for their ouabain sensitivity. The 
porcine erythrocyte membranes and dog kidney 
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Fic. 3. 


Effect of EDTA treatment on ouabain sensitivity of MDCK OR membrane. 


The 


ouabain sensitivities of EDTA treated (O) or untreated (@) MDCK OR membranes 
were assayed as described in Materials and Methods. 


microsomes are shown in Figure 1. In both cases, 
ouabain sensitivity was not significantly changed 
by the addition of f-actinin. 

As there was a possibility that the modification 
of ouabain sensitivity by f-actinin might be a 
unique phenomenon specifically occurring in 
ouabain-resistant cells, the effect of $-actinin was 
checked by using a membrane fraction from a 
ouabain-resistant cell line of MDCK (ME.S cells 
used by Geny et al. [8] were not available in our 
laboratory). The result is shown in Figure 2 
where the amount of f-actinin was varied with a 
constant concentration of ouabain (5x<10°° M). 
Under these conditions, (Na, K)ATPase activity 
should be restored to the levels of the control 
(without ouabain) by f-actinin if the latter could 
modify the ouabain sensitivity as reported by 
Geny et al.[8]. As shown in Figure 2, the ATPase 
activity was not increased but rather decreased 
with increasing amounts of f-actinin. The 
decrease in activity was not due to the inhibition 


of (Na, K)ATPase, since the same extent of 
inhibition was observed even in the presence of 
1 mM ouabain where (Na, K)ATPase should be 
completely inhibited (data not shown). The 
nature of -actinin-sensitive ATPase remained 
unclear. 

These results suggested that muscle f-actinin 
prepared by the method of Maruyama ez al. [10] 
could not modify the ouabain sensitivity of 
(Na, K)ATPase. We could not, however, rule 
out the possibility that the membrane from the 
ouabain-resistant murine cells (MF.S) that Geny 
et al. [8] used for their experiments is an exceptional 
example, although quite unlikely. 


Characterization of proteins isolated from MDCK 
by treatment with EDTA 


Next, we examined whether the proteins with 
characteristics similar to Geny’s f-actinin [8] 
could be prepared from ouabain-resistant cells 
other than MF,.S. We used ouabain-resistant 
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Fic. 4. Electrophoretograms of MDCK membranes and EDTA solubilized proteins. 
Membranes of normal MDCK cells (a, b, and c) and of ouabainresistant MDCK cells 
(A, B, and C) were treated with 1 mM EDTA as described in Materials and Methods. 


a, A; membranes without treatment, 
b, B; EDTA treated membranes, 
c, C; EDTA solubilized proteins. 


cells of MDCK (MDCK OR) for this purpose. 
The ouabain sensitivity of (Na, K)ATPase of 
MDCK OR is shown in Figure 3. The half 
maximal inhibition occurred at about 3x10°°M 
ouabain (I;)2), and hence the cell was not highly 
resistant to the drug ((I.;2) of the enzyme from 
normal MDCK was around 2 x 10°° M),. 

The membranes from MDCK OR were then 
treated with 1 mM EDTA according to the method 
of Geny ef al. [8] and assayed for its ouabain 
sensitivity. Contrary to their results, the ouabain 
sensitivity of MDCK OR (Na, K)ATPase was not 
changed by the treatment with EDTA (Fig. 3). 
The treatment was repeated twice but did not 
produce any significant differences. Also, EDTA 
solubilized proteins had no effect on ouabain 
sensitivity even when added with Ca to the treated 
membranes (data not shown). 

The proteins solubilized with EDTA _ were 
analyzed by SDS polyacrylamide gel electro- 
phoresis and the results are shown in Figure 4. 
Three marked bands at a molecular weight around 
30,000 (indicated by arrows in the figure) were 
found in the EDTA solubilized fraction of MDCK 
OR. The band patterns together with their 
respective molecular sizes were very similar to those 
reported by Geny ef al. [8] for MF.S cells. If 


these proteins really correspond to those of Geny’s, 
we conclude, in opposition to their claim, that 
none of these are involved in the ouabain sensitivity 
as mentioned above. 

An interesting fact concerning these three pro- 
teins was that there were differences in relative 
intensities of the bands between the proteins from 
ouabain-resistant and normal cells of MDCK. 
The uppermost and the lowerst bands (called 
bands I and III, respectively) were less intense in 
normal cells, whereas the intermediate (named as 
band II) and other minor bands were likely similar. 
This meant in turn that bands I and III might be 
characteristic of ouabain-resistant cells. Geny 
et al, [8] have claimed that the intermediate band 
corresponds to their f-actinin. We_ therefore 
examined the effect of EDTA solubilized proteins 
from MDCK normal cells on the reannealing of 
actin filaments. The latter process is inhibited by 
muscle f-actinin [cf. 9]. 

To sonicated F-actin was added EDTA solu- 
bilized proteins from MDCK normal cells, and 
the annealing process of fragmented F-actin was 
followed as described previously [10]. The EDTA 
solubilized proteins showed no effect on the 
annealing of actin filaments (Table 1). Geny 
et al. identified their protein as fS-actinin from the 
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TABLE 1. Effect of EDTA solubilized proteins 
of MDCK on the reannealing of fragmented 
F-actin 
Additives Flow birefringence 
none 84° 
0.18 mg of protein 83 
0.36 mg of protein 85 
0.06 mg of $-actinin 16 
0.12 mg of $-actinin 7 


To 1.2 mg of F-actin in 5 ml 0.1 M KCl, EDTA 
solubilized proteins were added and the degrees 
of flow birefringence of F-actin solution were 
measured in an Edsall type of apparatus at a 
velocity gradient of 1,000s~' 30min after 
sonication (cf. ref. [10]). 


similarities in molecular weight, amino acid com- 
position and from the cross reactivity with their 
respective antisera [8]. Inhibitory action against 
actin reannealing should have been considered as 
criteria in the identification of $-actinin. Further- 
more, we could not isolate f-actinin from rabbit 
skeletal muscle according to the procedure of 
Geny et al. [8]. They extracted muscle homo- 
genate with water as starting material, but £- 
actinin was not solubilized with water at all [cf. 9]. 
Therefore, the 32,000 dalton protein Geny et al. 
isolated is different from f-actinin. 

Finally, we examined the effect of the EDTA 
solubilized fraction from MDCK OR that con- 
tained all the three proteins mentioned above. 
This also showed no influence on the annealing 
of fragmented F-actin (data not shown). 

From the present study, we conclude that 
neither f-actinin affected ouabain sensitivity of 
(Na, K)ATPase nor the proteins prepared from 
MDCK cells by the method of Geny ef al. [8] 
affected actin reannealing. The role of proteins 
I and III present abundantly in ouabain-resistant 
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cells of MDCK is interesting but remains unsolved. 
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Inhibitory Effect of Some Anti-inflammatory Compounds 
on Respiration of the Sea Urchin Eggs 
Activated by Sperm or by Melittin 
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Chiba-shi 260, Japan 


ABSTRACT — Activation of sea urchin eggs by sperm or melittin, a main component of bee venom, 
causes a burst of respiration in the eggs. In order to know the mechanism of the respiratory burst 
which was insensitive to cyanide, the effect of indomethacin and aspirin, inhibitors of fatty acid cyclo- 
oxygenase, was examined on the respiration of eggs of Hemicentrotus pulcherrimus. Indomethacin 
(330 uM) inhibited the respiration of the egg activated by melittin or by fertilization. Aspirin 
inhibited the melittin-activated respiration. Phenidone which inhibits cyclo-oxigenase and lipoxy- 
genase, seemed to inhibit the melittin-activated respiration, although oxygen uptake due to auto- 
oxidation of the compound in sea water made the quantitative evaluation difficult. Since common 
property of these anti-inflammatory compounds is the inhibition of fatty acid cyclo-oxygenase, the 
present results indicate the participation of metabolism of poly-unsaturated fatty acids, such as 
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arachidonic acid, in the respiratory burst caused by fertilization or by melittin. 


INTRODUCTION 


Respiration of the sea urchin egg is activated 
at fertilization. Following insemination, oxygen 
uptake increases several folds with a lag of about 
1 min, and then this initial burst decreases to 
a new steady state which is consistently higher 
than that of unfertilized eggs [1,2]. Oxygen 
consumption at the later steady state is performed 
through the mitochondrial electron transport 
system, while the respiratory system responsible 
for oxygen uptake of the initial burst is not known 
at present [3, 4]. It has been reported that H.,O, 
production occurs during fertilization-induced 
burst of respiration [5, 6]. However, H,O, pro- 
duction occurs only during the initial part of the 
burst of respiration (Fujiwara et a/., unpublished 
observation). The later part is not accompanied 
by production of H.,O,. These results suggest 


Accepted May 20, 1985 
Received November 7, 1984 
* To whom reprints should be requested. 


probable participation of more than one res- 
piratory system in the initial burst. 

Melittin, a main component of bee venom, is 
a polypeptide which has no enzyme acitivity but 
activates DNA synthesis in the quiescent cultured 
cells [7]. The compound has a_ synergistic 
action with other mitogenic compounds, but is 
not synergistic with 12-O-tetradecanoylphorbol- 
l-acetate (TPA) and vasopressin. Melittin stimu- 
lates Na flux across the cell membrane preceding 
to the DNA synthesis. This effect seemed to be 
mediated with alteration of the membrane structure 
[7]. The compound also increases the suscep- 
tibility of phosphatidylcholine to phospholipase 
A, [8, 9]. Since bee venom was known to activate 
the unfertilized sea urchin eggs [10], effects of 
melittin were investigated on several biochemical 
events which were activated at fertilization [4]. 
The compound failed to activate the DNA and 
protein synthesis of the unfertilized eggs, but 
activated the oxygen consumption of the eggs, 
which was not inhibited by inhibitors of mito- 
chondrial electron transport system [4]. Thus, 
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oxygen consumption activated by melittin seems 
to be, at least partly, similar to that activated by 
fertilization. Polyunsaturated fatty acids released 
by the action of phospholipase A, can be meta- 
bolized through the enzyme system including 
fatty acid cyclo-oxygenase and/or lipoxygenase, 
and anti-inflammatory compounds such as indo- 
methacin and aspirin are known to inhibit fatty 
acid cyclo-oxygenase [11]. Some derivatives of 
phenylpyrazolidone can inhibit fatty acid 
lipoxygenase [12]. Hence, we investigated the 
effects of these anti-inflammatry compounds on 
the oxygen uptake of the eggs activated with 
melittin or sperm. 

The present results show that the burst of 
oxygen consumption of the eggs caused by melittin 
is partially sensitive to indomethacin, aspirin and 
phenidone. The fertilization-induced burst was 
sensitive to indomethacin. The results suggest 
the participation of fatty acid cyclo-oxygenase 
system in the burst of respiration at fertilization. 


MATERIALS AND METHODS 


Melittin and indomethacin were products of 
Sigma Chemical Co., U.S.A. Phenidone (1- 
phenyl-3-pyrazolidone) was a product of Tokyo 
Kasei Co., Tokyo. Other reagents were of the 
commercially available highest grade. Indo- 
methacin was dissolved in 95% ethanol. An 
aqueous solution of 0.1 M aspirin was prepared 
by neutralizing the free acid with 5M NaOH to 
pH 7.0. 

Gamates of Hemicentrotus pulcherrimus were 
handled as described previously [4]. 

Oxygen consumption of the eggs was measured 
at 20°C with a Clark type oxygen electrode (Yellow 
Springs Co., U.S.A.) attached to a closed vessel 
(3 ml) as described previously [4]. The vessel 
contained 2 x 10° eggs in 3 ml. Concentration of 
oxygen in sea water was adopted from the paper 
by Ohnishi and Sugiyama as 650nmoles O, in 
3 ml of sea water at 20°C [1]. When necessary, 
pH of the sea water was adjusted by adding HCl 
to sea water containing 10 mM Tris. 


RESULTS 


Respiration activated with melittin or sperm at 
different pH’s 


Since addition of some reagent to sea water 
could produce a change in pH, all the measure- 
ments were carried out in sea water containing 
10mM Tris, pH of which was adjusted to 7.0, 
8.0 or 9.0 with HCl. Furthermore, acid pro- 
duction is found to be induced with melittin, 
resulting in a decrease in pH in a similar manner 
as in the case of fertilization [4]. Although it 
remains unknown whether or not these reagents 
to be studied may have any effects on the melittin- 
induced acid production, observations of effects 
of these reagents at different pH’s may give us 
an answer for the questions whether these com- 
pounds inhibit the respiration irrespective of pH. 
At pH’s between 6.8-9.5, more than 95% eggs 
were activated by fertilization as well as by mellitin. 
Respiration either activated by fertilization or by 
melittin was compared under these conditions. 

Respiration activated by fertilization was maxi- 
mum at pH 8, slightly low at pH 7 and about a 
half of the maximum at pH 9 (Fig. 1). The rate 
of respiration activated by fertilization changed 
with time, and can be devided into two phases 
(Fig. 1 and ref. [1, 2]). The first phase is the 
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Fic. 1. Oxygen uptake of the egg of Hemicentrotus 
fertilized at different pH’s. Oxygen consumption 
was measured in sea water containing 10 mM 
Tris-HCl buffer at the following pH’s. At time 
zero, Sperm was added. A, pH 7.0; B, pH 8.0; 
and C, pH 9.0. In all cases shown in Fig. 1, 
fertilization rate was more than 99%. 
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Fic. 2. Effect of melittin on respiration of unfertilized 
eggs at various pH’s. The maximal rate was 
plotted as a function of melittin concentration. 
The arrows on the right side indicate the maximal 
rates of respiration observed at normal fer- 
tilization. 


@, pH7.0; Aa, pH8.0; i, pH 9.0. 


initial burst of respiration. Within a few minutes 
after insemination, the rate of respiration attained 
the maximum, and then it decreased gradually 
to reach a steady state after 10 to 15min. The 
second phase is the respiration in the steady 
state. 

Melittin activated the respiration of the eggs 
[4]. The change in the rate of respiration 
after addition of melittin was similar to that 
observed at fertilization (Fig. 3). The first and 
the second phases were distinguished as well. 
It has been reported that the first phase is rather 
insensitive while the second is sensitive to the 
inhibitors of the mitochondrial electron transport 
system [4]. Figure 2 shows the maximal rate of 
respiration as a function of the melittin concen- 
tration. At pH7 and 9, there was an optimal 
concentration of melittin for the activation. At 
pH 8 no optimal concentration was observed within 
the range of the concentrations tested. The 
reason for pH dependency of the first phase of 
respiration is not known at present. At pH 9, 
activation with low concentration of melittin 
was noticed and the respiration was rather in- 
sensitive to the change in the activator concen- 
tration. 
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Fic. 3. Effect of indomethacin on the respiration 
activated by melittin at pH 8. At time 0, melittin 
(final concentration of 4.7 “M) was added. When 
indicated, indomethacin or NaCN was added 2 
and 4min before adding melittin, respectively. 
a, 1mM NaCN-+67 uM indomethacin; b, none 
(melittin alone); c, 67 ~Mindomethacin; d, 330 
“uM indomethacin; e, 1 mM NaCN+330 «uM 
indomethacin; f, 1mM NaCNn. 


Addition of phospholipase A;, instead of 
melittin, did not activate respiration (data not 
shown). In melittin preparation in the present 
study, phospholipase A, might be present in a 
small amount. However, phospholipase A, did 
not exert any effects on the respiration of the eggs. 
It was previously reported that phospholipase 
A, (up to 50 #g/ml) caused neither elevation of 
fertilization membrane nor burst of respiration 
[4]. Hence, the activation is induced by melittin 
but not by a probable contaminant, phospholipase 
A,. Addition of melittin to the suspension of 
fertilized eggs, whose first phase of respiration 
had been finished, did not induce the burst of 
respiration, the first phase of fertilization-induced 
respiration. Only unfertilized eggs seem to have 
systems to be activated by fertilization or melittin. 


Effects of indomethacin on the respiration activated 
with melittin 


Since the pH of sea water is around 8.2, the 
following experiments were carried out at pH 8.0. 
Indomethacin showed a biphasic effects on the 
maximal rate of respiration activated with melittin 
(Table 1). Indomethacin slightly activated the 
melittin-activated respiration at lower concen- 
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TABLE 1. Effect of indomethacin on the 
melittin-activated respiration 
Concentration Maximal rate of Membrane 
of indomethacin O, consumption Elevation 
(uM) (nmoles/min) (%) 
0 49.8+2.05 95.1+3.23 
33 56.1 +0.76* 98.7+1.15 
67 46.4+7.73 98.0+2.03 
160 33.4+1.85** 100 -+0 
330 29.8 +0.49** 100 +0 


Melittin was added to give a final concentration 
of 4.7 uM into the vessel containing 2 x 10° eggs 
in 3 ml at 20°C. The maximal rate of respi- 
ration after addition of melittin was calculated 
from the recordings. All values are mean of 
three independent experiments with SEM. The 
values significantly different from the control 
(OM indomethacin) are indicated with 
* (P<0.05) or ** (P<0.01). 


tration (33 uM), but inhibited at higher concen- 
tration (330 wM). The respiration resistant to 
indomethacin seemed to be present. It has 
been reported that at least two systems are re- 
sponsible for the first phase respiration, the 
respiratory burst [12]. One of them is probably 
sensitive to indomethacin. The morphological 
change was examined under a microscope at the 
end of the measurement of oxygen uptake, and 
the data obtained by the experiments in which 
more than 95% of the eggs elevated their fertili- 
zation membranes were adopted. In three out of 
25 experiments, the incidence was between 75 and 
92%, but in others it was more than 95% in the 
presence of indomethacin. Hence, indomethancin 
had no effect on the process of elevation of the 
fertilization membrane. 

Figure 3 shows the changes in the rate of 
respiration as a function of time after addition of 
melittin. Addition of cyanide prior to melittin 
inhibited the initial burst of respiration to some 
extent and caused prolonged higher rate of res- 
piration (Fig. 3f). Although this seemed to 
suggest that the initial burst was of the mito- 
chondrial respiration, the same experiments 
carried out at pH 7.0 showed a cyanide-insensitive 
burst of respiration as described previously 
(ref. [4] and unpublished results). It is probable, 
therefore, that at pH 8.0 the initial burst was 
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delayed with cyanide by some unknown mechanism 
but it might be compensated by the elevation of 
the second phase respiration. 

With 67 #M indomethacin the initial rise of 
respiratory rate was not inhibited, but a slight 
reduction of the maximal rate and an inhibition 
of the later part of the first phase were noticed 
(Fig. 3c). Addition of cyanide prior to indo- 
methacin enhanced the maximal rate of respiration 
in the first phase. No further data are available 
at present on the nature of the respiration 
activated by cyanide and low concentration of 
indomethacin. In normal process of fertilization, 
cyanide insensitive respiration is found to be 
changed in its rate by adding other respiratory 
inhibitors [12]. These should be understood 
after knowledge of the systems is obtained. With 
330 uM indomethacin, the respiration in the 
first phase was inhibited as well and cyanide had 
no effect on the process (Fig. 3d, e). 


Effect of indomethacin on the respiration activated — 
by fertilization 


Cyanide inhibits the steady state respiration 
of the fertilized eggs, while a part of the initial 
burst observed at fertilization was insensitive to 
cyanide [4]. When cyanide was added to the 
medium enough to inhibit the steady state res- 
piration of the fertilized egg, the burst of 
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Fic. 4. Effect of indomethacin on the respiration of 
the eggs at fertilization (pH 8.0). At time zero 
sperm was added and at 2 min before insemination 
indomethacin or NaCN was added as indicated. 
A, none; B, 67 #M indomethacin; C, 1mM 
NaCN; and D, 330 uM indomethacin. 
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respiration was reduced (Fig. 4). However, the 
pattern of the change in the rate of respiration 
was similar to that in normal fertilization. When 
indomethacin (67 or 330 ~M) was added to the 
medium prior to insemination, the initial burst was 
not observed, and the respiration in the second 
phase was also inhibited in a concentration- 
dependent way. This indicates that fertilization 
stimulates an indomethacin-sensitive respiration. 


Effects of aspirin on the melittin-activated respiration 


Aspirin and indomethacin have a common 
mechanism as anti-inflammatory compounds; that 
is, they inhibit fatty acid cyclo-oxygenase [11]. 
However, higher amount of aspirin is usually 
required to exert the same extent of effect as 
indomethacin does [11]. Addition of aspirin 
dissolved in ethanol into sea water caused a 
marked decrease in pH, while dissolving asprin in 
sea water by neutralizing with alkali caused a 
rapid breakdown of the compound, when judged 
from the change of absorption spectrum (data 


not shown). Therefore, only a qualitative com- 
parison of the effect was possible. In the fol- 
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Fic. 5. Effects of aspirin (A) and phenidone (B) on 
the melittin-induced respiration at pH 8. 
(A) Aspirin dissolved in sea water was added at 
the first arrow and 2 min later melittin was added 
at the second arrow. Aspirin concentration was 
10mM (a), 2mM (b), 0.2mM (c) and 0OmM 
(no addition, d), respectively. (B) Phenidone 
(320 uM) was added at the first arrow when | min 
before addition of melittin (4.7 ~M; the second 
arrow). Additions are none (unfertilized eggs 
only; a); phenidone without eggs (b); phenidone 
+melittin (c); and melittin (d). 


lowing experiments, aspirin was dissolved in 
sea water by neutralization and used immediately. 
Aspirin inhibited melittin-activated respiration 
(Fig. 5A). The initial rise and the maximal rate 
of respiration were depressed by aspirin. The 
respiration in the second phase was rather in- 
sensitive to the compound. 


Effects of phenidone on the _ wmelittin-activated 
respiration 


Phenidone inhibits fatty acid cyclo-oxygenase 
and lipoxygenase, another enzyme responsible 
for the metabolism of arachidonic acid in 
mammalian cells [13], and it is, therefore, a 
possible anti-inflammatory compound. Figure 5B 
shows that phenidone inhibited partly the melittin- 
activated respiration, although phenidone alone 
consumed oxygen. When higher amount of 
phenidone was added, oxygen uptake by phenidone 
interfered significantly with the measurement. 
Therefore, the results with small amount 
of phenidone are shown in Figure 5B. The 
compound did not inhibit the initial rise of 
respiratory rate after addition of melittin but 
reduced the maximal rate of respiration at 3 min 
by about 25%, as in the case of low concentration 
of indomethacin. The inhibition continued 
during 10 min of recording. This suggested the 
participation of lipoxygenase on the metabolism 
of polyunsaturated fatty acid in the egg. In 
order to reinforce this, further experiments 
are needed with other inhibitors of lipoxygenase, 
which are not auto-oxidized in sea water and 
specific to lipoxygenase. No experiment was 
carried out to know whether phenidone inhibited 
mitochondrial electron transport system. 


DISCUSSION 


Respiration of sea urchin eggs is stimulated by 
fertilization or by melittin. There are some 
similarities between their effects. First, the 
process of changes in the rate of respiration is 
similar, and the respiration in the second phase 
is higher than that before treatment. Secondly, 
while the initial burst of respiration was insensitive 
to inhibitors of mitochondrial electron transport 
system, the respiration in the second phase is 
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inhibited by them [4]. Thus, it is probable that 
in the second phase, respiration is performed 
through mitochondrial respiratory chain but the 
respiration in the first phase is not due to mito- 
chondrial respiratory chain. Thirdly, some anti- 
inflammatory compounds exert a similar effect on 
the activated respiration in the first phase. Thus, 
the analysis of melittin-activated respiration will 
give a clue to understand the respiratory burst at 
fertilization. One of differences between melittin 
and fertilization was effect of cyanide (Fig. 3f). 
But, if the assumption that the melittin-activated 
burst of respiration will be delayed in the presence 
of cyanide at pH 8 is true, the difference will not 
be substantial. 

Melittin facilitates hydrolysis of phospholipids 
catalysed by phospholipase A., resulting in an 
increase in free polyunsaturated fatty acids such 
as arachidonic acid. The results that exogenously 
added phospholipase A, failed to activate res- 
piration seem to indicate that the added enzyme 
could not access to substrates from outside the 
eggs or that the liberated free fatty acids were 
not available for the oxidative system in the egg. 
Thus, oxygen uptake accompanying metabolism 
of arachidonic acid was expected to constitute the 
initial burst. On the other hand, participation of 
more than one enzyme system in the burst was 
suggested from the investigation on the effect of 
catalase and external pH on the initial burst of 
respiration caused by fertilization (Fujiwara et 
al., unpublished observation). The present 
experiments showed that indomethacin exerted 
a biphasic action on the melittin-activated res- 
piration. It stimulated respiration at lower 
concentration especially in the presence of cyanide, 
while it inhibited respiration at higher concen- 
tration. Stimulating effect of low concentrations 
of indomethacin could be due to the activation of 
H,O,.-generating respiration, which constituted 
the initial part of the first phase (Fujiwara et al., 
unpublished observation). We have no further 
data on the nature of the respiration activated by 
cyanide and low concentration of indomethacin. 
Indomethacin and aspirin exert their anti- 
inflammatory action by inhibiting fatty acid cyclo- 
oxygenase, which is a key enzyme for the 
metabolism of polyunsaturated fatty acids [11]. 


Therefore, the inhibition of oxygen uptake by 
indomethacin or aspirin is probably due to 
inhibition of fatty acid cyclo-oxygenase. Since 
phenidone also seemed to inhibit the melittin- 
activated respiration, lipoxygenase, the other 
enzyme responsible for the metabolism of 
arachidonic acid, would be playing a role in 
the initial burst. However, further experiments 
are needed on the participation of lipoxygenase. 
The present experiments suggest that the burst of 
oxygen uptake at fertilization is caused by stimu- 
lating the metabolism of polyunsaturated fatty 
acid. 

The sea urchin egg seems to contain several 
enzyme systems which participate in the oxygen 
uptake just after fertilization. Mitochondrial 
electron transport system supports the steady state 
respiration in the second phase [3, 4]. Presence of 
cyanide and CO-sensitive cytochrome oxidase was 
reported previously [14]. The cyanide insensitive 
respiratory system participating in the initial 
burst is shared at least partly by the system con- 
taining fatty acid cyclo-oxygenase. The present 
experiments indicate that the sea urchin egg 
contains pathway insensitive to both indomethacin 
and cyanide, since the addition of the both did not 
inhibit completely the oxygen uptake by the egg, 
and in some cases rather activated the respiration. 
There are no available data on the properties of 
oxygen uptake which is insensitive to both cyanide 
and indomethacin. Participation of NADPH- 
cytochrome P-450 system in mammalian liver 
and kidney for oxidation of arachidonic acid has 
recently been shown [15, 16]. The same enzyme 
system, however, will not operate in the sea 
urchin egg, since the egg does not contain cyto- 
chrome P-—450 (unpublished observation). 

Foerder et al. [5] described that the respiratory 
burst at fertilization was accompanied by the 
production of peroxide such as H,O,. Coburn 
et al. [6] also showed the evidence for H,O, 
production at fertilization. Klebanoff et al. [17] 
indicated a resemblance of the fertilization- 
associated phenomena to phagocytosis. In the 
case of phagocytosis, a burst of oxygen con- 
sumption is related to the activation of NADPH 
oxidase system that produces H.O:2, although no 
details of the mechanism of activation are known 
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at present [18]. Stimulation of O.” (and probably 
H,0,) production by arachidonic acid was ob- 
served in human neutrophils [19]. It is possible, 
therefore, that the NADPH oxidase system 
similar to that of leucocytes has relation to the 
production of H,O, [17]. The results obtained 
from reduction of oxygen consumption by catalase 
or from fluorescence change caused by peroxidation 
of luminol indicate that, H.O, production at 
fertilization occurred at the beginning of the initial 
burst (Fujiwara ef al/., unpublished observation). 
Production of H.O, ceased in a few minutes. 
Although this cessation of H,O, production can 
be explained by consumption of H,O, by the reac- 
tion catalysed by ovoperoxidase which is liberated 
from cortical granules at fertilization [5], it is 
possible that more than one enzyme system con- 
suming oxygen are activated during the initial 
burst. However, we do not know at present 
which is responsible for the production of H,O, 
among the respiratory systems described above. 
Since some intermediates of the polyunsaturated 
fatty acid oxidation through fatty acid cyclo- 
oxygenase (and/or lipoxygenase) are unstable and 
may produce hydrogen peroxide, this enzyme 
system may produce hydrogen peroxide at fertiliza- 
tion. Although more experiments are needed to 
clarify the mechanism of respiratory burst at ferti- 
lization, the present experiments indicate an 
important role of metabolism of polyunsaturated 
fatty acid through the fatty acid cyclo-oxygenase 
(and/ or lipoxygenase) system during the respira- 
tory burst at fertilization. 
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ABSTRACT — The prepharyngeal body pieces experimentally deprived of nerve cords were homo- 
ioplastically transplanted into the postpharyngeal region, in order to examine the necessity of the 
nerve cords of the graft for the pharyngeal induction in freshwater planarians. The grafts deprived 
of two nerve cords, the grafts X-irradiated and denervated, and the grafts taken from nerve-cordless 
median region, —all these three types of grafts induced the additional pharynges in considerable 
incidences of cases, though the degree of growth and tissue differentiation of the induced pharynges was 
less than that in the control graft bearing intact nerve cords. In each case, a new tissue appeared 
between the host and the graft and the outgrowth of the graft took place, but these phenomena had 
no direct relation with the pharyngeal induction, because even in the transplantation of the nerve- 
cordless median body piece in which these phenomena did not occur except only faintly, the pharynges 
were induced in a number of cases. From these results, it was concluded that the nerve cords of the 
graft were not primarily concerned with the pharyngeal induction but accelerated the growth and 
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tissue differentiation of induced pharynges perhaps through the general trophic influence. 


INTRODUCTION 


It has been established by various investigators 
that when a head piece of planarians is trans- 
planted into the postpharyngeal region, one or 
two pharynges is induced in the host tissues 
neighbouring the head graft [1-5]. Okada and 
Sugino [6-8] found that the effect of prepharyngeal 
graft on the host was nearly the’same as that of the 
head graft, and stated that the pharyngeal induction 
is possible without a head ora brain. In order to 
verify the inductive effect of the nerve cord in the 
graft on the tissue reorganization, Kido [9] divided 
the postcephalic piece into dorsal and ventral 
portions, and transplanted these portions into the 
postpharyngeal region severally. He found that 
the ventral portion including the nerve cords 
possessed much stronger pharynx inductive 
capacity than the dorsal portion without the nerve 
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cords. Furthermore, he deduced that the living 
nervous tissue in the graft would be necessary for 
the pharyngeal induction from the histological 
observations that the formation of pharynx was 
caused by inserting a head piece into the tissue 
pocket made in the postpharyngeal region [10-12]. 
On the other hand, Sengel [13] carried out an 
experiment in which he grafted head piece into the 
postpharyngeal region. After pharyngeal 
induction he extirpated the head graft and the 
induced pharynx and observed the pharynx 
formation in the regenerating region. From this 
result, he held that a pharyngeal zone, not a phar- 
ynx, was induced by the graft, and that the pharynx 
was autodifferentiated in the pharyngized region. 
Thus, he did not mention the inductive role of 
nervous tissue on pharyngeal formation upon 
extirpation of the induced pharynx. Such phe- 
nomenon was then summarized by Wolff [14] as a 
hypothesis of progressive zonal induction in the 
morphogenetic process of planarian regeneration. 
At any rate, the inductive effect of the nervous 
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tissue on the pharynx formation remains undeter- 
mined. The present experiment was performed to 
elucidate whether or not the nerve cords included 
in the graft are indispensable for the induction of 
the pharynx by transplanting the prepharyngeal 
piece into the postpharyngeal region of planarians. 


MATERIALS AND METHODS 


The material used for this study was the sexual 
form of Dugesia japonica japonica collected in the 
suburbs of Kanazawa City. The worms of about 
20 mm in length were selected and starved for at 
least one week prior to the experiments. 

The procedure of the deprivation of the ventral 
nerve cords was the same as that in Kishida and 
Kurabuchi [15]: _A worm was placed on a piece 
of wet filter paper settled on ice, with the ventral 
surface facing upwards and then the narrow strips 
about 3 mm in length and about 0.5 mm in width 
containing one nerve cord were cut off from the 
prepharyngeal region with a sharp scalpel. After- 
wards the operated worms were kept at 18°C for 
two days, and the completely healed worms were 
used for the transplantation experiments. 

The method and the condition of X-irradiation 
are the same as those in the preceding papers 
[16, 17]: The worms were exposed continuously 
to doses of 5,000 R with a Toshiba KXC-18 X-ray 


generator. (Physical constants were: voltage, 
180 kVp; current intensity, 20mA; filter, 1.0 
mmAI; focus-material distance, 30 cm; half value 
layer, 0.35mmCu; dose rate, 450 R/min.) X- 
irradiated worms were inhibited to regenerate 
without exception. 

The transplantation of the body piece was carried 
out as follows. A worm was cut transversely at 
the level of the pharyngeal region. A square piece 
taken out from the prepharyngeal region of the 
anterior piece was implanted in the normal ori- 
entation into the similar square hole made in the 
postpharyngeal region of the posterior piece. The 
following four kinds of grafts were used in the 
transplantation experiments (Fig. 1). 

Experiment 1: The graft including two nerve 

cords. 

Experiment 2: The graft deprived of the nerve 
cords. 

Experiment 3: The graft irradiated with X-ray 
and then deprived of the nerve 
cords. 

Experiment 4: The graft taken from the median 
region without the nerve cords. 

Only the worms in which the grafted piece united 
completely with the host were kept without 
feedings at 18+1°C in the incubator. In Ex- 
periments 1, 2 and 3 the worms were fixed with 
Helly’s fluid on the 14th day after the trans- 


Fic. 1. 
B: Experiment II. 


Diagrams showing the procedures of transplantation experiments. 
A: Experiment I. 
Striped areas indicate X-irradiated regions. 
Broken lines indicate the extirpated nerve cords. 


C: Experiment III. D: Experiment IV. 
Transverse lines indicate the cutting level. 
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plantation, while in Experiment 4 worms were 
fixed on the 21st day with due regard that it may 
take much time to induce new pharynx on account 
of the small size of the graft used. Specimens 
fixed were embedded in Paraplast. Sections 
serially cut at 6 wm thick, longitudinally or hori- 
zontally, were stained with Mayer’s haemalum- 
eosin B. 

The developmental stages of the induced 
pharynges were estimated in accordance with our 
previous criteria I to III [16, 18]: I; The situation 
in which only a presumptive pharyngeal cavity 
was formed. II; The situation in which a 
pharyngeal rudiment composed of basophilic 
mesenchymal cells was formed, and in which a 
pharyngeal lumen has begun to appear. III; 
The situation in which a small but almost complete 
pharyngeal structure has been formed. 


RESULTS 


Experiment 1. 
cords 

This experiment was carried out as a control for 
other experiments including no nerve cords. New 
pharynges were induced in 15 out of 16 worms with 
transplanted pieces (pharyngeal formation rate: 
94%) (Table 1). In 12 out of the 15 individuals 
with new induced pharynges, the respective 
pharynges were formed at both regions anterior 


The graft including two nerve 


TABLE 1. 
four experimental groups 


and posterior to the graft and in the other 3 
specimens a pharynx was formed only at the poste- 
rior region to the graft. Consequently, a total of 
27 pharynges were induced in the worms of this 
experiment. Most of these induced pharynges 
were considerably well-developed (Fig. 2A). 
Fifteen cases out of 27 induced pharynges (55%) 
were in Stage III in which the tissue layers of the 
normal pharynx were elaborated completely, 
7 cases (26%) presented the rudimentary ap- 
pearance of the pharynx (Stage II), and only 5 
cases (19%) were of primitive type of Stage I. 

In these operated specimens, the nerve cords of 
the graft were fused completely with those of the 
host irrespective of the existence or the develop- 
mental state of the induced pharynx (Fig. 3A). 

The formation of the new tissue between the 
host and the graft and the development of the 
outgrowth of the graft were conspicuous, and the 
numerous basophilic cells were observed on the 
14th day after the transplantation (Fig. 2A). 


Experiment 2. The graft deprived of nerve cords 

New pharynges was induced in 15 out of 20 
worms with transplanted piece (75%) in this 
experiment, in spite of the fact that the nerve cords 
were not present in the graft. However, the 
development of these new pharynges was delayed 
as compared with that of Experiment 1 (Fig. 2B). 
That is, the complete pharynges (Stage III) 


The numbers and developmental stages of the induced pharynges in the 


Experiment Total No. Specimens with Sisto Induced Postoperative 
No. of cases induced pharynges 8 pharynges days 
Ii 15 
1 16 15 (94%) II 7 14 
I 5 
II 9 
2 20 15 (75%) II 5 14 
I 12 
Il 0 
3 11 9 (82%) II I 14 
I 17 
Ill 2 
4 14 8 (57%) II 2 21 
I 8 
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Fic. 2. Photomicrographs showing induced pharynges and graft outgrowth. A, B, C and D 
are longitudinal sections of the worms in Exp. 1, 2, 3 and 4, respectively. The graft 
outgrowth of C and D was only slight comparable with that of A. Specimens of A, B 


and C were fixed on the 14th day after transplantation. Specimen D was fixed on the 21st 
day. x60. 


G: graft. H: host. I.P.: induced pharynx. 
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appeared only in 9 cases out of 26 induced pha- 
rynges (35%), while 12 pharynges (46%) showed 
the primitive type (Stage I). 

The nerve cords in the denervated graft had 
already regenerated and had fused with the nerve 
cords of the host on the 14th day after the trans- 
plantation (Fig. 3B). However, the regenerated 
nerve cords were thinner than the nerve cords of the 
graft in Experiment 1. The arrangement of the 
eosinophilic nerve fibers of the regenerated nerve 
cords in the graft was in disorder, and the nuclei 
of many basophilic regenerative cells, probably 
juvenile nerve cells were observed in the surround- 
ings of the regenerated nerve fibers. These 
histological observations revealed that the re- 
generation of the nerve cords in the graft was not 
completed on 14th day. 

The degree of formation of the new tissue and 
the development of the graft outgrowth was less 
than that observed in Experiment 1, but the 
numerous basophilic cells were observed in the 
new tissue and the graft in the same manner with 
Experiment 1 (Fig. 2B). ' 


Experiment 3. The graft deprived of nerve cords 
after X-irradiation 

Eleven worms with transplanted piece were used 
in this experiment. In 9 specimens (82%) the 
formation of new pharynges was observed. The 
rate of the pharyngeal formation was rather higher 
than that in Experiment 2. However, the develop- 
mental degree of the induced pharynges was lower 
than those of Experiments 1 and 2 (Fig. 2C). 
Namely, 17 out of 18 new induced pharynges (94 %) 
were rudimentary (Stage I), and not a single well- 
developed pharynx with complete fabric was 
observed. 

The regeneration of nerve cords in nerve cord- 
extirpated graft was inhibited by X-irradiation. 
The cut ends of nerve cords of the host did not get 
deeply into the ventral parenchymal tissue of the 
graft, but remained in contact with it (Fig. 3C). 
In the neighbouring area of the cut ends of the 
nerve cords of the host, however, the aggregation 
of the cell nuclei was observed. 

The new tissue formation and the development 
of the graft outgrowth proceeded more slowly 
than those of the former experiments. The 
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basophilic cells in the new tissue and in the graft 
were reduced in number due to X-irradiation 
(Fig. 2C). 


Experiment 4. The graft taken from the median 
region including no nerve cords 

Fourteen worms with transplanted piece were 
obtained in this experimental group. The pha- 
ryngeal formation occurred in 8 individuals (57 °%) 
and a total of 12 pharynges were induced. Eight 
out of 12 new induced pharynges (67%) were 
primitive type of pharynges (Stage I), but 2 cases 
(17%) were at Stage III with complete pharyngeal 
structure. 

In the horizontal sections, it was observed that 
the two nerve cords of the host run lateral to the 
outside of the graft (Fig. 3D). 

The formation of the new tissue and the develop- 
ment of the graft outgrowth were very scanty even 
on the 21st day after the transplantation, but the 
basophilic cells were concentrated in the graft and 
its neighbouring region (Fig. 2D). 


DISCUSSION 


In this study, when the prepharyngeal piece 
from which both right and left nerve cords had been 
removed was transplanted into the postpharyngeal 
region, new pharynges were induced in the host 
tissue near the graft. Two thin disordered nerve 
cords, however, had regenerated in the graft on 
the 14th day after the transplantation. Moreover, 
the pharyngeal formation was induced even by the 
X-irradiated and denervated prepharyngeal pieces 
and by the median body pieces including no nerve 
cords. From these results, it could be concluded 
that the capacity of the graft for pharyngeal 
induction has nothing to do with the nerve cords 
themselves but is related with some other factors in 
the graft. Although it is impossible to help being 
speculative to a considerable degree at present, 
there are some ideas concerning factors inducing 
the pharyngeal formation. Schilt [19], in D. 
lugubris, and Kishida and Nakagiri [20], in D. 
japonica, found that the additional pharynx was 
formed by means of repeated incisions of the 
nerve cords. The latter authors considered that 
the repeated incisions of the nerve cords only 
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facilitated the realization of the intrinsic capacity 
of the planarian body tissue for pharyngeal for- 
mation and the nervous tissue may not be a direct 
inducer of the pharyngeal formation. This point 
of view that such intrinsic potency of the planarian 
body for the pharyngeal formation may be realized 
by the graft in the postpharyngeal region was 
adopted in our previous experiment [18] in which 
the head piece was transplanted into the denervated 
host tissue. On the other hand, in their experiment 
involving actinomycin D treatment of the body 
piece in D. tigrina Ansevin and Wimberly [21] also 
concluded that pharynx was formed by the in- 
trinsic potency of the body tissue. From this 
point of view the results in the present study could 
be given the following interpretation: the pre- 
pharyngeal graft, irrespective of the existence of 
nerve cords, helped reveal the formative potency in 
the body and led to the realization of the pha- 
ryngeal formation through some capacity with 
which the graft was endowed. For example, the 
prepharyngeal body piece may exude some sub- 
stance(s) which tend to liberate the pharynx-mRNA 
from its inhibitor pre-existing in worm’s body, 
impelling the differentiation into the pharyngeal 
tissue as proposed by Ansevin and Wimberly [21]. 
The other possibility comes from the view point 
that a pharynx auto-differentiates in the pha- 
ryngeal region building up between the graft and 
the host both of which come from the different 
levels of the body [13, 22, 23]. This phenomenon 
was studied extensively by Sugino [22], Teshirogi 
[24] and Sengel [13]. Recently, Chandebois [23] 
pointed out that the pharyngeal zone was formed 
by the intercalary regeneration caused by mor- 
phallactic remodelling in the operated worm in 
which the head piece was joined to the tail piece. 


Also in the transplantation experiments in the 
present study, it may be possible to consider that a 
difference between positional informations bearing 
on the cells existing in the joining area of the graft 
and the host causes the intercalary regeneration 
by remodelling the tissue to develope a pharyngeal 
zone, in which the pharynx itself autodifferentiated. 
The third point of view was that the pharynx was 
induced by some other tissues than the nervous 
tissue, for example, regenerative tissue cells derived 
from the intestine, as suggested by Kido [11], 12]. 
Future study on these points of view may clarify 
the mechanism of induction of the pharynx. 

It has been well known that when a head or a 
prepharyngeal piece was transplanted into the 
postpharyngeal region, the formation of the new 
tissue between the host and the graft and the 
outgrowth of the graft occurred in addition to the 
pharyngeal formation. In the present study, the 
same phenomena appeared in all experimental 
groups. However, their extent was not necessarily 
in parallel with the frequency of pharyngeal in- 
duction. The new tissue formation and the devel- 
opment of the graft outgrowth were caused only 
slightly by X-irradiated and denervated grafts, or 
by the grafts taken from nerve-cordless median 
region, while their frequencies of the pharyngeal 
induction were nearly the same as in the Experiment 
1 with remarkable new tissue and outgrowth. 
Accordingly neither the new tissue formed between 
the graft and the host nor the graft outgrowth 
appears to be related directly to the pharyngeal 
induction. This corresponds to the results by 
Kido [9] that the new tissue was not formed but 
pharynges were induced in the experiment in which 
the dorsal portion without the nerve cords of the 
prepharyngeal region was transplanted into the 


Fic. 3. Photomicrographs showing nerve cords in the regions between hosts and grafts. A, B, C and D are the 


sections containing nerve cords of the worms in Exp. 1, 2, 3 and 4, respectively. 


while C and D are horizontal sections. 


A: Nerve cord of graft is fused completely with that of host. 


A and B are longitudinal, 


x 100. 


B: Regenerating nerve cord in graft is thinner than nerve cord of graft in A (Exp. 1) and the arrangement 


of the nerve fibers is in disorder. 100. 


C: Regeneration of nerve cords in graft is inhibited, and nerve cord of host is in contact with ventral paren- 


chymal tissue of graft. 500. 


D: Two nerve cords of host run lateral to the outside of slender median graft. 


x 60. 
I.P.: induced pharynx. 


the situation of graft outgrowth. 
G: graft. H: host. 


N.C.G.: nerve cord of graft. 


A blank space (Bs) shows 


N.C.H.: nerve cord of host. 
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post-pharyngeal region. 


However, the growth 


and the tissue differentiation of the new pharynges 
induced by graft including nerve cords progressed 
much more rapidly than those induced by grafts not 


including nerve cords. 


The nervous tissue of the 


graft would perhaps accelerate the new tissue 
formation, development of the graft outgrowth as 


well as pharyngeal tissue differentiation. 


It seems 


likely that this acceleration was carried out by the 
trophic influence of the neurosecretory substance 
from the nerve cord as suggested in the effect of the 
host nerve cords on the pharyngeal induction in 
our previous paper [18]. 


10 


11 
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Electron Microscopic Observation of Chorion Formation 
in the Teleost, Navodon modestus 


KAZUKO HOSOKAWA 


Biological Laboratory, Tokyo Dental College, Masago, Chiba 260, Japan 


ABSTRACT — The chorion of the mature egg of the black scraper, Navodon modestus, is composed of 
an outer and aninnerlayer. The outer layer of the chorion has two distinct sublayers; the outer part is 
thicker and the inner part has a higher electron density. The inner layer is composed of concentric 
strata; the distance between these strata decreases towards the outer border. Chorion formation 
begins from the outer part of the outer layer, proceeding through to the inner part of the outer layer 
and then into the inner layer. However, the outer part of the outer layer continues its formation 
progressively with its thickness increasing until the formation of the inner layer is completed. The 
pit on the surface of the chorion is an interspace through which a microvillus passes, appearing at 
an early stage of the chorion formation. During the process of chorion formation, the oocyte has 
to increase successively the thickness and surface area of the chorion as it grows. The consequent 
increase of the surface area of the chorion is roughly estimated as 11- to 14-fold. The number 
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of pits in the chorion, however, does not increase during the process of growth. 


INTRODUCTION 


The mature egg of the black scraper, Navodon 
modestus (Ginther), has a diameter of 0.55 mm to 
0.6mm when fixed, contains oil globules, and is 
adhesive, spherical and demersal. Under light 
microscopy, the surface of the chorion appears 
very smooth and does not have any ornamentation. 
Observations made on other demersal and pelagic 
eggs of fishes under scanning electron microscopy 
(SEM) have shown the following types of orna- 
mentation on the surface of the chorion; polygonal 
walls are found in flatfishes [1], villi and attaching 
filaments are found in Oryzias latipes [2], knobs 
with central depressions are found in eels [3], 
anchor filaments are found in cyclostomes [4]. 
The ovum of the porgy does not have any orna- 
mentation, but has numerous pits on the chorion 
surface, similar to the chorion surface of the black 
porgy, Acanthopagrus schlegeli (Bleeker), globefish, 
Takifugu rubripes (Temminck and Schlegel), and 
flounder, Paralichthys alivaceus (Temminck) [5, 6]. 
The ovum of the black scraper does not have any 
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ornamentation either, but it has numerous pits on 
the chorion surface. Such specific differences in 
chorion structures seem to be related to the 
characteristics of the ovum. The chorion of many 
fish eggs has a fundamental structure, which con- 
sists of an outer and inner layer. It has been 
clearly shown in porgy [6], Oryzias latipes [7], 
Fundulus heteroclitus [8] and salmonids [9] that the 
formation of this structure begins from the outer- 
most layer and proceeds towards the inner layer 
as the egg grows from the primary oocyte stage of 
development. However, studies of the increase 
in the surface area of the chorion are very rare. As 
the oocyte grows, the chorion must continually 
cover it. This surface area can be calculated by 
means of the formula 4zr’, where r refers to the 
radius of a whole egg. 

In this study, the author describes the structure 
and formation process of the chorion in the black 
scraper. Moreover, to elucidate how the chorion 
surface area is increased, the author investigated 
whether any changes occurred in the number of 
pits in the developing chorion during growth of 
the oocyte. Increase in the real area of chorion 
surface excluding the pits area was also determined. 
The growing oocyte of the black scraper is a good 
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material for these investigation because they have 
no ornamentation on the surface of chorion. 


MATERIALS AND METHODS 


The black scraper, Navodon modestus, was col- 
lected from the bay near the Hiroshima Prefectural 
Fisheries Experimental Station (Ondo, Hiroshima), 
in June 1980. This fish had oocytes of different 
sizes and stages of maturity in its ovary. Mature 
ova and oocytes were fixed in 2% glutaraldehyde 
buffered to pH 7.2 with 0.1 M cacodylate for two 
hours. The specimens were then post-fixed in 
similarly buffered 1% osmium tetroxide for one 
hour and dehydrated through a gradated alcohol 
series. For scanning electron microscopy, the 
specimens were dried with critical point apparatus, 
coated with platinum-palladium by ion sputtering 
and observed with a JSM S50A scanning electron 
microscope (SEM). For transmission electron 
microscopy, the specimens were embedded in the 
Epon 812 mixture. Ultra-thin sections of the 
chorion were stained with uranylacetate and lead 
citrate and examined under a JEM 100-C trans- 
mission electron microscope (TEM). In order to 
investigate the number of chorion pits, the speci- 
mens were cut tangentially into thin sections and 
TEM figures were taken at 10,000 magnifications. 
The number of pits was counted in unit area 
marked in these TEM figures. The surface area 


of the developing chorion was also estimated as 
precisely as possible. 


RESULTS AND DISCUSSION 


1. Scanning electron microscopy 


The micropyle was discerned on the animal pole 
of each ovum. The opening of the tunnel-typed 
micropyle was about 4.5 um in diameter and its 
feature was a well defined stratum on its inner 
surface (Fig. 1a). Over the eritire chorion surface, 
numerous pits, about 0.3 wm in diameter, which 
were characterized by a swollen fringe were 
uniformly distributed. The present author pre- 
viously reported similar pits on the chorion surface 
of the eggs of the porgy (pelagic egg), the black 
pergy (pelagic egg), the globefish (adhesive 
demersal egg) and the flounder (pelagic egg) [5, 6]. 
In the black scraper, the pits had a larger diameter 
and the space between two pits was smaller than the 
spacing in the porgy and others (Fig. 1b). As 
these pits were not plugged by any materials, 
numerous ones could be observed on the chorion 
surface. The features of the pit seem to have no 
relation to the character of eggs, pelagic or 
demersal. 


2. Transmission electron microscopy 


The oocyte, about 80 wm in diameter (peri- 


Fic. 1. 


pt: pits, ma: micropyle apparatus. 


Scanning electron micrographs of an ovum. 
a. The animal pole view (3,333). b. The outer part (oll) of the outer layer of the chorion is 
peeled off, and partially revealing the inner part (012) (x 6,666). 
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Fic. 2. Oocyte (ca. 80um diameter) at the perinuc- 
leolus stage. The oocyte (Oo) has large nucleoli 
(ne) in the germinal vesicle and is surrounded by 
follicle cells (fc) and theca (t) (x 5,000). 


bl: basement lamina. 


nucleolus stage), had large nucleoli in the germinal 
vesicle and was surrounded by follicle cells. In 
addition, the oocyte was bordered by theca outside 
the basement lamina (Fig. 2). When the oocyte 
became about 100 wm in diameter, the plasma 
membrane of the oocyte ran parallel to the plasma 
membrane of the follicle cell (Fig. 3). At this 
stage, the chorion formation did not yet begin to 
occur. 


Fic. 3. Oocyte (ca. 100 wm diameter) at the perinucleolus stage. 


t: theca, bl: basement lamina, 


In the oocyte about 120 ~m in diameter, the 
plasma membrane formed irregular indentations, 
taking on an undulating shape and developing into 
the microvilli which extended to the plasma 
membrane of the follicle cell. The dense com- 
ponents of the chorion began to accumulate on the 
bases between the microvilli at the outside of the 
oocyte (Fig. 4). These components eventually 
formed the outermost part of the chorion. 
Thus, it is considered that the chorion formation 
began at this stage. When the oocyte reached 
about 150 ~m in diameter, the outer layer of the 
chorion became clearly differentiated into two 
parts, outer and inner, with the inner part of 
the outer layer having a high electron density 
(Fig. 5). 

In the oocyte, 200 m in diameter, the formation 
of the inner layer of the chorion began inside the 
inner part of the outer layer. At this stage, micro- 
villi from the follicle cell also began to appear and 
shared interspaces passing through the chorion with 
the microvilli from the oocyte. By the time the 
oocyte reached a diameter of about 350 um, both 
outer layers reached the same thickness and the 
inner layer formed three or four sublayers (Fig. 6). 
The formation of the inner layer was progressing 
further. When the oocyte diameter reached about 
450 wm, the inner layer had a reticular structure, 
resembling a knitted openwork (Fig. 7). When 
direction of the section permitted, this reticular 


The ooplasm membranes 
are parallel to the plasma membranes of the follicle cells (fc) (arrow) ( x 30,000). 


Oo: oocyte. 
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Fic. 4. Oocyte (ca. 120 ym diameter) starting chorion formation. The dense materials (m) 
are appearing at the outer bases of the microvilli (mv) of the oocyte (Oo) ( x 30,000). 


fc: follicle cell. 


Fic. 5. Oocyte (ca. 150 wm diameter) at the yolk vesicle stage. The outer part (oll) of the 
outer layer is distinguished from the inner part (012) by its lower density (x 54,000). 


Oo: oocyte, fc: follicle cell. 
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Fic. 6. Oocyte (ca. 350 wm diameter) at the yolk globule stage. 


at “y ‘ * f a 7 e, by! 


The inner layer (il) of the 


chorion is forming inside the inner part (012) of the outer layer ( x 40,000). 


oll: outer part of the outer layer, 


structure in the inner layer could be seen as an 
arabesque form. Concurrently with the formation 
of the inner layer, the outer part of the outer layer 
grew about five times as thick as the inner part, 
having the highest electron density. This outer 
part successively and uniformly grew to about 
2 wm thick when the chorion formation was com- 
pleted. In Oryzias latipes, Yamamoto [7] has 
reported that the follicle cells do not exhibit any 
sign of secretory activity during chorion formation. 
But in the black scraper, it was conjectured that the 
formative substances for the development of the 
outer part seem to come from the follicle cell side, 
because the outer part of the outer layer keeps 
increasing its thickness in company with the 
formation of the inner layer. However, small 
vesicles about 0.1 ~m in diameter were found in 
the oocyte, close to the ooplasm membrane. They 
became incorporated into the inner layer of 
chorion at outside of the bases of the microvilli 
(Fig. 8a, b). Substances of an electron density 
similar to that of the inner layer were contained 
within these small vesicle in the oocyte. Therefore, 
the materials used in the formation of the inner 
layer seem to be derived from the ooplasm. 

By the time the oocyte reached about 550 ym in 
diameter, the formation of the outer and inner 


mv: microvilli, 


fe: follicle cell, Oo: oocyte. 

layers was completed. At this stage, the micro- 
villi atrophied and disappeared. In addition, the 
reticular structure of the inner layer was converted 
into many concentric strata of which the thickness 
decreased towards the outer surface. The inner 
layer had 13 strata and was about 8 to 10 um 
thick. In both parts of the outer layer, the inter- 
space through which the microvilli had passed still 
remained after the conversion (Fig. 9). The 
pits observed on the chorion surface by the SEM 
corresponded to these interspaces. 

The process of the chorion formation in the black 
scraper was very similar to that observed in the 
porgy [6], differing only in the thickness of the 
outer part of the outer layer. The ultrastructure 
of the chorion in many teleost fishes has been 
studied by Lonning and Solemdai [10-12]. In 
their studies, it was suggested that the chorion of 
demersal egg has a tendency to have a thicker 
chorion than that of pelagic egg and that the 
number of strata of inner layer is multiplied. 
Moreover, they discussed the geographical vari- 
ation in the chorion structure. Lonning [12] 
reported that the egg of the capelin (demersal) has 
an outer layer about one-half of the thickness of 
the chorion and he gave it the name “extra outer 
layer’. The ultrastructure of the outer part of 
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Fic. 7. Oocyte (ca. 450 ym diameter). The outer part (ol1) of the outer layer is gradually 


increasing in thickness. The inner layer (il) of the chorion is piling up the reticular 
structure ( x 36,000). 


012: inner part of the outer layer, mv: microvilli, fc: follicle cell, Oo: oocyte. 


the chorion in the black scraper had some similar- 
ities to this “‘extra outer layer” of the capelin. 
This part was thinner in the black scraper 
(demersal) than those of the capelin (demersal) and 
thicker than those of the cod (pelagic), labrids 
(demersal and pelagic) and flatfishes (pelagic) [10]. 


3. Morphometry 


As the oocyte grows, the number of pits were 
morphometrically investigated in order to deter- 
mine whether any change occurs in the number of 
pits on the developing chorion. In the course of 
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Fic. 8. Small vesicles (arrow) similar to the materials of the inner layer (il) are appearing in the peripheral 
ooplasm. The small vesicles (arrow) are fusing in the ooplasm membrane (Om) and joining the materials 


of the inner layer ( x 40,000). 
Oo: oocyte. 


Fic. 9. Oocyte (ca. 550 wm diameter). The chorion 
formation is nearly completed and the microvilli 
are atrophying. The inner layer(il) is being 
converted into concentric circle-like strata 
(x 8,000). oll: outer part of the outer layer, o]2: 
inner part of the outer layer, pt: pit. 


oocyte growth, the chorions of oocytes of various 
diameters were tangentially sectioned. TEM 


Fic. 10. Tangential section of the chorion (x 10,000). 
pt: pit. 


figures were taken at final magnifications of 
10,000 x (Fig. 10) and the number of pits within 
the unit area was calculated in 13 specimens, the 
diameter(d) of which varied from 125 ym to 
550 wm. Total number of pits(V) can be expres- 
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Fic. 11. The plots of the total number of pits per chorion. 


(x 10°), abscissa: diameter of the oocyte (wm). 


sed by means of the following formula: 
N=nxd’p 
where p is the density of the pit. 

The results observed in 13 specimens are 
summarized in Figure 11. Although the plots 
were somewhat scattered, a statistical analysis 
revealed that the total number of pit does not 
change. Therefore, the author concluded that the 
total number of pits per egg remains constant 
during the course of oocyte growth, although the 
surface area of chorion increases markedly as the 
oocyte grows. From the results shown in Figure 
11, the total number of pits per oocyte was cal- 
culated as roughly 900,000. 

As the diameter of the oocyte increased, the 
diameter of each pit also increased. The real area 
of the chorion surface was estimated by sub- 
tracting the total sun of the pit area from the surface 
area of the chorion which was culculated by means 
of the formula, 4777. The increase of the chorion 
surface to each diameter of the growing oocytes 
is shown in Figure 12. Lines of the surface of 
chorion including the pits area and the real surface 
area of chorion excluding the pits area diverged. 
The proportion of the surface area of chorion of 
a full grown ovum to that of a young oocyte at the 
beginning of chorion formation was estimated as 
about 16- to 20-fold. However, as regards the 


ordinate: total number of pits per chorion 


surface area of chorion X 10° (um?) 


diameter of oocyte (um) 


Fic. 12. The increase of the surface area of chorion 


to the diameter of oocyte. 
(© a Ol 
pits area. 
eo-——_@: 
pits area. 
ordinate: surface area of chorion (x 10° »m7’), 
abscissa: diameter of the oocyte (wm). 


surface area of chorion including the 


surface area of chorion excluding the 


real surface area of the chorion excluding the pits 
area, the proportion was estimated as 11- to 
14-fold. 

As the chorion thickens from the outer layer to 
the inner layer during its formation, it must 
concurrently overspread the surface of the oocyte. 
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Fic. 13. 


In the C—O sole, Stehr and Hawkes [13] reported 
that the primary envelope of the egg after ovulation 
stretches concurrently with the increase of diameter 
of the eggs. In the growing oocyte of the black 
scraper, however, it seems that the overspreading 
of chorion is not a mere stretching. The surface 
area of chorion had to increase substantially, 
11- to 14-fold, in comparison with the surface 
area of a young oocyte at the beginning of 
chorion formation. The microvilli may participate 
in the chorion formation. It seems that some 
chorion materials are continually derived not only 
from the ooplasm at the base of the microvilli, 
but also from that in the periphery of microvilli. 
There are very few reports describing the details of 
the spreading mechanism of the chorion. Further 
studies are needed to analyse how the chorion 
increases its surface area during its formation. 
The apparent process of the chorion formation 
may be illustrated diagrammatically in Figure 13. 
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ABSTRACT — Effects of stanniectomy (CSX) on the absorption of Ca in the intestine of rainbow 


trout were examined by incubating the everted gut sac in Ringer solution. 


The serum Ca concen- 


tration increased by CSX in fish adapted to 1/3 SW but not in those adapted to FW. Ca moved 
from mucosa to serosa in the anterior intestine from FW-shams and the movement was not affected 


by CSX. 


The absorptive movement of Ca was not evident in 1/3 SW-shams but became apparent 


following CSX. Transports of water and other electrolytes (Na, Cl, K, Mg and Pi) showed no 
significant changes by CSX. The results indicated that the intestine is a target organ for an active 
principle of the CS, which are activated in a high-Ca environment to prevent Ca entry from the 


ambient water. 


INTRODUCTION 


The corpuscles of Stannius (CS) are small 
endocrine bodies located on or in the kidney of 
holostean and teleostean fishes [1]. Since Fon- 
taine [2] first demonstrated that the removal of the 
CS developed a marked hypercalcemia and 
injections of CS extracts restored the elevated 
level of serum calcium in European eels, the 
hypocalcemic nature of extracts or homogenates 
of the CS has been confirmed in many fish species 
[3, 4]. Recent studies [S—8] have shown that the 
hypercalcemia following stanniectomy in eels is 
a result of an increased rate of branchial calcium 
influx and the gills are the primary target for active 
CS principle, which controls uptake of calcium 
from ambient water. 

The gut is another site of calcium entry from 
ingested food and swallowed water [9-11], though 
not considered as important as the gills in fishes 
[12]. It is not known whether the gut is also a 
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target organ for the CS hormone. In this paper, 
we will report the effects of stanniectomy on the 
transepithelial transports of calcium and other 
electrolytes in the intestine of rainbow trout, 
employing the method of in vitro incubation of 
everted gut sacs [13]. 


MATERIALS AND METHODS 


Material fish 


Cultured rainbow trout, Salmo _§ gairdneri 
Richardson, were purchased from a fish farm and 
maintained in a freshwater pond feeding on a 
commercial diet (Nippai, No. 7P) until use. They 
were 21.7—26.4 cm in standard length and immature 
with the exception of a few males. Determinations 
of the transepithelial transport of calcium and other 
electrolytes were made by incubating in a Ringer 
solution an everted sac of the intestine removed 
from stanniectomized or sham-operated fish. The 
experiments were performed with fish kept in 
fresh water (FW) and those acclimatized to one- 
third seawater (1/3 SW) for two weeks. Con- 
centrations of major ions contained in FW and 
1/3 SW were; 1.16mM Na, 0.35 mM K, 0.15 mM 
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Cl, 0.64mM Ca and 0.41 mM Mg, and 177 mM 
Na, 4.08mM K, 180mM Cl, 4.34mM Ca and 
17.3 mM Mg, respectively. 


Stanniectomy 


The fish was anesthetized with 0.002% ethyl 
p-aminobenzoate, and the body wall was incised 
about 3 cm just anterior to the pelvic fins to open 
the body cavity. Several milky white bodies of 
the CS, 1-4 mm in diameter, were found in contact 
with the posterior kidney. The number of the CS 
varied from 2 to 7 in individuals but 3 or 4 in most 
fish. All the visually recognized CS were removed 
with fine forceps and the body wall was sewed. 
Sham-operated fish were treated in the same way 
except that the CS were not removed. After the 
operation, the fish were then kept in FW (through 
a transient transfer to a 1% NaCl solution) or in 
1/3 SW for two weeks and fed the diet, but they 
seemed not to feed well. 


Preparation and incubation of everted gut sacs 


Two weeks after the operation, the fish were 
given a blow on the head and blood was collected 
by caudal section. The intestine was removed and 
turned mucosal side out using a glass rod. The 
everted gut was washed lightly with Ringer solution 
and the anterior and the posterior parts were cut 
into segments of roughly equal length. The 
anterior part (Segment I) was thinner than the 
posterior part (Segment II) which had the more 
developed muscular layer. 

One end of the segment was ligated with a cotton 
thread to make a sac and weighed (W1). The 
sac was then filled with Ringer solution, tied at the 
opposite end and weighed again (W2). The 
initial volume of Ringer solution (Vo), that being 
the difference of W2-W1, was in a range of 
0.3-0.6 ml. The sac was put in a 30 ml Erlen- 
meyer flask containing 10 ml of Ringer solution. 
The flask was filled with oxygen gas, sealed tightly 
and shook at 60 oscillations/min. The incubation 
time was 1 hr at 14°C for FW-fish and at 11°C 
for 1/3 SW-fish, each adjusted to the acclimati- 
zation temperature. 

After incubation the sac was blotted and weighed 
(W3). The fluid in the sac (serosal fluid) and the 
incubation medium (mucosal fluid) were collected 


separately in test tubes. The serosal wall was 
blotted and the sac was weighed again (W4). The 
final volume of serosal fluid (Vs) was represented 
by the difference of W3-W4. Net water movement 
(Jw) and change in quantity of an electrolyte in 
the mucosal (Qm) or the serosal (Qs) side during 
the incubation were obtained by the following 
formulae: 


Jw =(Vs-Vo)/W1 x 1000 (yl/g tissue-hr) 
Qm=(Vm:Cm-10-Co)/W1 (umoles/g tissue-hr) 


Qs=(Vs:Cs—Vo-Co)/W1  (ymoles/g tissue-hr) 


Where Co is the initial concentration of an elec- 
trolyte in Ringer solution, and Cm and Cs are the 
final concentrations of the ion in the mucosal and 
serosal fluids, respectively, all expressed in 
mmoles/]. Vm is the final volume (ml) of the 
mucosal fluid determined by subtracting the 
difference of W3-W2 from the initial volume 
(10 ml). 

The Ringer solution was prepared by dissolving 
8.4738 g NaCl, 0.1864g¢ KCl, 0.1665g CaCl, 
0.2958 g MgSO.,:7H.0O, 0.3402 g KH,PO,, 0.8954 g 
Na,HPO,-12H,0O and 2.3830 g HEPES in distilled 
water to make up 1 litre. NaOH was added to 
adjust pH to 7.4. This solution contained 159 mM 
Na, 5.06mM K, 144mM Cl, 1.46mM Ca, 1.30 
mM Mg and 5.11 mM Pi. 


Collection of serum samples 


Blood was collected into an unheparinized test 
tube and allowed to coagulate for 1 hr at 4°C. 
Serum was separated by centrifugation at 3,000rpm. 


Measurements of electrolyte concentrations 


Na and K were determined by flame spectro- 
metry and Ca and Mg by atomic absorption spec- 
trometry using a Hitachi-518 atomic absorption 
spectrometer. C1 was determined by coulometric 
analysis with a Jookoo C—50 chloridometer. The 
colorimetric method of Goldenberg and Fernandez 
[14] was applied for measurements of Pi. 


Statistical analyses 


All values were expressed as means+S.E. 
Statistical comparisons were made with Student’s 
t-tests for paired and unpaired measurements. 
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RESULTS 


Between the sham-operated and the stan- 
niectomized FW-fish, there were no significant 
changes in serum concentrations of any measured 
electrolytes, though Ca tended to increase and 
Mg to decrease in the stanniectomized fish 
(Table 1). 

By adapting the fish to 1/3 SW, the serum levels 
of Na, K, Cl and Ca tended to rise slightly but 
none of these changes were statistically significant. 
In the 1/3 SW-fish, however, the stanniectomized 
fish showed a significantly higher serum Ca level 
compared to the shams (Table 1). Stanniectomy 
did not cause any significant changes in serum 
concentrations of other electrolytes. 

In all FW- and 1/3 SW-fish, regardless of they 
were stanniectomized or sham, a net mucosa-to- 
serosa movement of water was always observed 
(Table 2). The flux was greater in Segment I 
than in Segment II. No effect of stanniectomy 


TABLE 1. 
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was observed in both FW- and 1/3 SW-fish. 
Quantitative changes of electrolytes in the 
mucosal and serosal fluids after incubation were 
shown in Tables 3 (Segment I) and 4 (Segment II). 
There were significant losses of Na and Cl in the 
mucosal side and gains in the serosal side. The 
absorptive movements of these ions were more 
apparent in Segment I than in Segment II. The 
losses and gains were roughly balanced and did 
not differ between the FW- and 1/3 SW-fish. K 
did not show significant changes from the initial 
value except that a gain was observed in the 
mucosal fluid of Segment II from FW-shams. Mg 
in the serosal side consistently increased but it 
was highly variable in the mucosal side and not 
significantly changed from the initial. The gains 
in the serosal fluid were larger in 1/3 SW-fish than 
in FW-fish. Pi showed obvious and consistent 
increases in the serosal side. In the mucosal side, 
it tended to decrease in Segment I and to increase 
in Segment II. Effects of stanniectomy on the 


Serum electrolyte concentrations (mM) two weeks after the sham-operation 


and stanniectomy (CSX) of rainbow trout adapted to fresh water (FW) and 


one-third seawater (1/3 SW) 


FW 
Sham (6) CSX (5) 
Na 172+4 175+5 
K 1.92+0.59 1.86+0.86 
Cl 141+5 150+7 
oe 2.41 +0.07 2.88+0.27 
Mg 1.02+0.05 0.88+1.17 
Pi 3.42+0.38 3.53+0.26 


1/3 SW 

Sham (5) CSX (6) 
181+7 20149 
2.11+0.40 1.77+0.45 
15345 160+6 
2.79+0.10 3.87+0.27* 
1.10+0.10 1.04+0.11 
3.08 +0.07 2.48+0.27 


Figure in parentheses denotes number of individuals examined. 
* Significantly different compared to the shams (P <0.05). 


TABLE 2. Net volume of water (I/g tissue) moved from mucosa to serosa after | hr 
incubation of everted gut sacs of the anterior (Segment I) and the posterior 
(Segment II) intestines from sham-operated and stanniectomized (CSX) rainbow 
trout adapted to fresh water (FW) and one-third seawater (1/3 SW) 


FW 1/3 SW 
< Sham (6) -CSx (5) Sham (5) ‘nee CSx (6) 
Seg. I 210+31 125-438 i: 224433 175 +24 
Seg. II 86+20 101+17 Sie eh 79+22 


Figure in parentheses denotes number of individuals. 
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TABLE 3. Changes in quantities (umoles/g tissue) of electrolytes in the mucosal (M) and serosal (S) 
fluids after 1 hr incubation of everted sacs of the anterior intestine (Segment I) from sham- 
operated and stanniectomized (CSX) rainbow trout adapted to fresh water (FW) and one-third 
seawater (1/3 SW) 

FW 1/3 SW 
Sham (6) CSX (5) Sham (5) CSX (6) 
Na M —35.7+4.9 —32.3+3.4 —46.5+4.2 —37.8+4.7 
S 37.2+6.4 BS) SaED05 37.0+1.7 32.6+4.4 
K M 0.526--0.567* —0.477 +0.970* —0.615+0.957* —0.097 +0.767* 
S 0.121 +0.346* 0.226-+0.597* 0.254 +0.423* 0.087 +0.252* 
Cl M —49.1+5.8 —34.6+8.8 —32.4+5.8 22) {ese 5) 
N) 34.8-+6.2 20.7 4.7 34.441.5 2 Oot 
Ca M —0.140-+0.304* —0.789 +0.308* 0.369 +0.572* —0.793 +0.211 
Ss 0.358-+0.049 0.211+0.056 0.340 +0.015 0.441 +0.020** 
Mg M 0.033 +0.232* —1.238-+0.645* —0.188 = 1.223* —4.49] +2.595* 
N) 0.186+0.055 0.097 +0.064* 0.772 +0.316* 0.314+0.057 
Pi M —1.389+0.384 VAI seO LZ — 0.843 +0.943* — 0.736 +0.637* 
S 1.587+0.210 1.222+0.215 1.943 +0.141 1.677+0.449 
Figure in parentheses denotes number of individuals examined. 
* Not significantly different from the initial value (P>0.05). 
** Significantly different compared to the shams (P<0.01). 

TABLE 4. Changes in quantities (~moles/g tissue) of electrolytes in the mucosal (M) and serosal (S) 
fluids after 1 hr incubation of everted sacs of the posterior intestine (Segment IJ) from sham- 
operated and stanniectomized (CSX) rainbow trout adapted to fresh water (FW) and one-third 
seawater (1/3 SW) 

FW 1/3 SW 
Sham (6) CSX (5) Sham (5) CSX (6) 
Na M = Dae Well —9.4+28.7* =|5.5s60.0~ —4.8+1.9* 
S 16.6+3.4 19.2+2.6 See ee) 13.6+3.5 
K M 2.853 +0.857 1.505 +1.068* —0.684+1.174* 1.791 +0.951* 
S 0.782 +0.504* 0.006-+0.392* 0.273 +0.476* 0.124 -+0.359* 
Gl M —29.6+4.4 —20.9+8.2 —8.6+10.9* —14.7+4.5 
S Bese 2) 15.1+2.4 14.4+3.7 1222230 
Ca M 0.208 +0.322* 0.345 +0.503* 1.455 -+0.523 —0.810-L0.647* 
S 0.117-+0.037 0.227+0.054 0.239 +0.052 0.149 +0.037 
Mg M 1.080 +0.878* 1.257+0.941* 0.696 +1.352* — 0.097 -+-0.673* 
S 0.280 +0.090 0.204 -+0.040 0.808 + 0.188 0.652 +0.101 
Pi M 2.450+0.477 2.665 +1.036* 3.161 +1.545* 0.430+0.966* 
S 0.811 -+0.185 0.824+0.122 0.801 +0.099 0.673 +0.101 


movements of the above mentioned ions could not 
be observed either in Segment I or Segment II from 


Figure in parentheses denotes number of individuals examined. 
* Not significantly different from the initial value (P>0.05). 


FW- and 1/3 SW-fish. 


Ca in the serosal fluid increased significantly 
after incubation in all the cases. 
hand, a loss in the mucosal fluid was observed in 
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Fic. 1. Percent changes in concentrations of electrolytes in the mucosal and serosal fluids after | hr 
incubation of everted gut sacs of the anterior (Segment I) and the posterior (Segment II) intestines 
from sham-operated and stanniectomized (CSX) rainbow trout adapted to fresh water (FW) and 


one-third seawater (1/3 SW). 


A Not significantly different from the initial level (P>0.05). 
4 Significantly different compared to the shams (P<0.05). 
AA Significantly different compared to the shams (P<0.01). 
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FW-shams (Segment I) but not in 1/3 SW-shams. 
Although the loss in the FW-shams was statistically 
insignificant, the absorptive movement of Ca was 
more apparent in FW-fish than in 1/3 SW-fish. 
Both the mucosal and serosal changes in the FW- 
shams were not affected by stanniectomy. An 
obvious effect of stanniectomy was observed in 
1/3 SW-fish (Segment I); a gain in the serosal side 
significantly increased and a loss in the mucosal 
side became apparent by stanniectomy. This 
enhancement of Ca absorption was also suggestive 
in Segment II; a gain in the mucosal side in the 
shams was reversed to a loss, though not sig- 
nificant, in the stanniectomized fish. 

The final mucosal and serosal concentrations of 
electrolytes, except K and Mg whose quantitative 
changes were inconsistent and judged unreliable, 
were illustrated as percent changes to each initial 
level in Figure 1. The Na and Cl levels in both 
sides changed little or insignificantly after in- 
cubation. In contrast, large concentration gra- 
dients of Pi were always produced as a result of 
marked elevations of the serosal level, though the 
mucosal level exhibited no appreciable falls. The 
gradient was larger in Segment I than in Segment II. 
Stanniectomy did not seem to have affected the 
final concentrations of Na, Cl and Pi. A clear 
concentration gradient of Ca could be seen only 
in Segment I from stanniectomized 1/3 SW-fish, 
where the serosal concentration distinctly increased 
and the mucosal concentration tended to lower 
compared to the initial level. The elevation of the 
serosal level in the stanniectomized fish was 
significantly larger compared to that in the shams. 


DISCUSSION 


Krishnamurthy and Bern [15] reported that the 
number of the CS in Salmo gairdneri varied among 
individuals from 4 to 6. As we have removed 2-7 


visually recognized corpuscles at stanniectomy, | 


it is possible that some of the CS had been left 
behind in some stanniectomized fish. However, 
the stanniectomy could elicit hypercalcemia in 
fish adapted to 1/3 SW (Ca 4.34 mM) and not in 
those kept in FW (Ca 0.64mM). Pang et al. [16] 
obtained similar results in Fundulus heteroclitus 
and explained that the CS may serve in prevention 


of hypercalcemia in a high-calcium environment. 
Activation of the CS in seawater adapted F. 
heteroclitus was reported by Cohen et al.[17]. This 
seems to be the case also in the rainbow trout. 

As the fish used in the present experiment did 
not feed well after the operation, increased Ca in 
the serum of 1/3 SW-adapted fish must have 
been derived from the ambient water through the 
gills and the body surface [12, 18, 19]. When a 
fish drinks much water to compensate an osmotic 
loss of water in a high osmotic environment, Ca 
might also be absorbed through the intestine. In 
the fish adapted to 1/3 SW in the present experi- 
ment, augmentation of the drinking rate could 
have occurred [9], but the net volume of water 
which moved across the gut sac was not different 
from that in FW-fish. 

A gain of an electrolyte in one side of the gut sac 
was not necessarily balanced with a loss in the other 
side. This may have been caused by mobilization 
of the element initially contained in the tissue. 
Absorptive movements of Na and Cl known by a 
loss in the mucosal fluid and a gain in the serosal 
fluid were consistently observed in both the anterior 
and posterior intestine. The extent of transport 
of these ions paralleled with the bulk of water 
movement and little or no concentration gradients 
were produced between the mucosal and the serosal 
fluids. These observations substantiate the ability 
of the intestine to absorb water dragged by the 
active transport of Na and Cl. An active mucosa- 
to-serosa transport of Pi was also clearly recognized 
in the anterior intestine, whereas directional 
movements of K and Mg were indistinct in both 
parts of the intestine. The general features in 
behavior of the above ion species are in accord with 
those observed in the carp intestine by Nakamura 
[13]. No effects of stanniectomy were noticed 
regarding all of these ions. 

Ca in the serosal fluid showed a consistent in- 
crease after incubation but a decrease in the 
mucosal fluid corresponding to the serosal increase 
was not evident. This inconsistency in the 
mucosal fluid, not only of Ca but also of other 
scantily presented ions, may be at least partly due 
to its large volume relative to the serosal fluid. 
The mucosa-to-serosa movement of Ca in Segment 
I was more apparent in FW-shams than in SW- 
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shams and this movement was not enhanced by 
stanniectomy in FW-fish. In 1/3 SW-fish, how- 
ever, a mucosal gain in the shams was reversed to 
a significant loss in the stanniectomized fish. In 
addition, the serosal gain increased significantly 
following stanniectomy. This indicate that the 
absorption of Ca in the anterior intestine is en- 
hanced by the removal of the CS, which are acti- 
vated in a high-calcium environment such as 1/3 
SW. The observation that an uphill concen- 
tration gradient developed in the stanniectomized 
1/3 SW-fish further supports the idea that the CS 
are involved in prevention of Ca entry through the 
intestine. 

A marked elevation of branchial uptake of Ca 
in stanniectomized eels and attenuation of the 
influx rate by administration of CS extracts have 
been reported by Fenwick and So [5], So and 
Fenwick [6, 7] and Milet et a/. [8], and the gills 
have been considered to be the primary target for 
an active principle of the CS. The present 
results indicate that the intestine is also a target 
organ for a hypocaicemic factor of the CS. 
Further studies will be needed to confirm the effect 
of CS extracts using the gut sac incubation system. 
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Calcium Deposits in the Skin of the Toad, 
Bufo bufo japonicus 
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ABSTRACT — Calcium content and distribution in the skin of the toad, Bufo bufo japonicus, were 
studied by atomic absorption spectrophotometry after dissolution of the skin and by electron probe 
X-ray microanalysis. Different portions of the skin contain markedly different quantities of calcium; 
dorsal skin contains as much as 22,000 wg Ca/g fresh weight but the ventral skin, less than one-tenth 
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of this. 
295 ug/g fresh weight. 
of the dermis which forms islets. 


with phosphorus and located between the loose and compact layers of the dermis. 


Calcium content in the pelvic skin is much less than that in other portions, measuring 
Calcium deposits are not evenly distributed but concentrated in some portions 
Two types of calcium deposits were found. One was associated 


The other, not 


associated with phosphorus, was located in the loose layer of the dermis close to the epidermis. 


The presence of great amounts of calcium 
deposits in the skin of frogs and toads has been 
reported in relation to calcium exchange with the 
media [1,2] or to calcium flux [3]. Calcium 
deposits in frog skin are reported to be calcium 
phosphate [4], associated with mucopolysaccharices 
[5] or sodium [6]. Our recent findings on the 
distribution of calcium in the frog Rana _ nig- 
romaculata showed that the dorsal skin contained 
up to 7,000 wg of calcium per g fresh weight, 
although the ventral skin contained about 4,000 yg 
per g fresh weight [7]. 

This urged us to make a more precise determi- 
nation of the location of calcium deposits and 
local differences in calcium content in the skin of 
anuran amphibians. In the present study, 
calcium content in various skin areas was deter- 
mined followed by an electron probe X-ray 
microanalysis to determine more precisely the lo- 
cation of calcium in the dermal tissue of the toad, 
Bufo bufo japonicus. 
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MATERIAL AND METHODS 


Adult males of the toad, Bufo bufo japonicus, 
115-360 g, were collected from mountainous 
areas of Toyama Pref. during the breeding season, 
April-May, in 1982 and 1983. Various pieces 
of skin were excised from MS 222-anesthetized 
specimens soon after the collection. 

For determination of total calcium amount, 
pieces of skin removed were thoroughly cleaned 
and weighed in pre-weighed tubes and dissolved 
in a mixture of metal-free nitric acid and per- 
chloric acid (11:2). The dissolved material was 
diluted appropriately and calcium concentration 
was determined by atomic absorption spectro- 
photometry (Hitachi, Polarized Zeeman Atomic 
Absorption Spectrophotometer 180-70). 

For determination of calcium localization (map 
and line analyses), the skin was fixed in 5% 
formalin solution neutralized with borate buffer, 
cut into small pieces and washed thoroughly with 
distilled water. Epoxy resin (Queto]l 812) was 
used for embedding through an ethanol and 
glycidyl n-butyl ether series. Thin sections were 
coated with carbon. For the point analysis, the 
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buffered formalin-fixed skin was immersed in 
ethanol through a graded ethanol series. The 
ethanolized material was instantaneously frozen in 
liquid nitrogen and then a vertical cut was made by 
breaking. The material thus prepared was dried 
with a critical point dryer and coated with carbon. 
Analyses were perfomed by an electron probe 
X-ray microanalyzer (JEOL, JCX—733 with Kevex— 
7,000 energy dispersive X-ray spectroscope). 


RESULTS 


Calcium content 


For purposes of comparison, calcium content 
was determined for skin taken from 8 different 
areas of the body and muscle (M. rectus internus). 
The results are shown in Table 1. The highest 
content was observed for the anterior portion of 
the dorsal side, and contained 22,074 wg per g 
fresh weight, corresponding to 2.2% of the fresh 
weight. The smallest value was 295 wg per g 
fresh weight for the posterior portion of the 
ventral side (pelvic skin). Thus, calcium varies 
remarkably according to skin site. Individual 
differences were fairly large, as evident from the 
amount of standard error. Calcium content in 
the muscle averaged 58 ug per g fresh weight. 


Distribution of calcium in the skin 


In the electron probe X-ray microanalysis, 
calcium deposits in toad skin were found not to be 


evenly distributed but localized in certain limited 
portions. Figure 1 shows the results of a map 
analysis of the dorsal skin. Calcium is concen- 
trated in some areas which are islets in the dermis. 
For a precise localization of calcium, a line 
analysis was carried out and the results for the 
dorsal skin are shown in Figure 3. A portion 
corresponding to an area rich in calcium as 
detected by map analysis contained much calcium 
(Fig. 3, thick arrow). The same result was ob- 
tained by a point analysis (Figs. 5, 6 and 7). It 
should be noted that this portion also contained 
much phosphorus. This strongly implies that the 
calcium deposits in these areas are phosphorus 
bound calcium. 

The line analysis showed another area to be 
rich in calcium, compared to other portions 
(Fig. 3, thin arrow), although the amount of 
calcium was less than that of the areas mentioned 
above. This area was situated just beneath the 
germinal layer of the epidermis. It is remarkable 
that this calcium deposit was not associated with 
phosphate. It was thus concluded that these two 
areas contain different types of calcium complexes 
or compounds. The same situation was observed 
for the ventral skin (Figs. 2 and 4). 


DISCUSSION 


The skin of certain frogs and toads contains 
considerable calcium [1, 2]. The highest calcium 
content reported is 670 mmol/kg fresh weight in 


TABLE 1. Calcium content in different portions of the skin of the toad, Bufo bufo japonicus 


Portion Ca yg/g (Mean-+-SEM) N mae ce 
ventral 

anterior 2,636+ 395.8 5 45 

middle 1,346+ 308.7 5) 23 

posterior 295+ 101.2 5 5) 
dorsal 

anterior 22,074 +3,085.1 5 380 

anterior (with glands) 22,002 +4,686.2 5 379 

middle 20,774+2,503.8 5) 358 

posterior 9,124+1,503.7 5) 157 

hind limb 6,238-+ 318.6 3 108 


muscle 58+ UZ, 


1) 
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Fic. 1. 
D, dermis; 
Fic. 2. 
section. 
Fic. 3. 
section. 
AL, analysis line; 
phosphorus level. 


ED, epidermis; 


Abbreviations the same as in Fig. 1. 


Ca, calcium level; D, dermis; 


Thick and thin arrows show mid-dermis calcium deposits associated with phosphorus 


Map analysis of calcium distribution in the dorsal skin of the toad, Bufo bufo japonicus, vertical section. 
HD, hypodermis. 
Map analysis of calcium distribution in the ventral skin of the toad, Bufo bufo japonicus, vertical 


Line analysis of calcium and phosphorus in the dorsal skin of the toad, Bufo bufo japonicus, vertical 


ED, epidermis; HD, hypodermis; p, 


and calcium deposits without phosphorus, respectively. 
Fic. 4. Line analysis of calcium and phosphorus in the ventral skin of the toad, Bufo bufo japonicus, vertical 


section. 


Bufo marinus, corresponding to 2.68% in fresh 
weight base [2]. However, the skin portions for 
which this determination was made were not 
indicated. In the present study, the highest value 
(2.2%) was comparable to that of B. marinus and 
found for the anterior dorsal skin. 
since skin calcium content differs greatly according 
to skin site, a direct comparison between these 
two species is difficult. 

The highest calcium content in the present 


However, 


Abbreviations and indications the same as in Fig. 3. 


species was 380 times that in the muscle. How- 
ever, the calcium content in the ventral side was 
The 


posterior portion of the ventral side (pelvic portion) 


generally lower than that in the dorsal side. 


was noted to contain a much smaller amount of 
calcium than that of other skin portions. Frogs 
do not drink water but absorb it through the 
pelvic skin [8-10]. 


other portions of frog skin is very low [11], 12]. 


Water permeability of the 


The low calcium content in the pelvic skin may be 


534 C. Ocuro, M. Fusmori et al. 


s 


PR= 
U=s204S H=2HKEV 1:18 


¢ 6. 32KEU 


1Bas 1@BSEC 


@ INT 
AG=2BKEU 10 


KES 


Fic. 5. Scanning electronmicroscopic picture of the vertical cut surface of the dorsal skin of the toad, 
Bufo bufo japonicus, showing the points for the point analysis. 

Fic. 6. Result of the point analysis for point A (dermis) indicated in Fig. 5. 

Fic. 7. Result of the point analysis for point B (dermis) indicated in Fig. 5. 


related to its high water permeability. 

Deposits of calcium between the spongy and 
compact layers of the skin have been described in 
Rana _ nigromaculata and Rana pipiens {1, 6). 
Taylor and his co-workers [4] reported a similar 
localization of calcium in the skin of Rana 
catesbeiana and furthermore that this calcium 
deposit is composed of needle-like crystals of 
calcium phosphate. In the present species, B. b. 
japonicus, deposits of calcium associated with 
phosphorus were observed in granules situated 
between the loose and compact layers of the 
dermis. This localization corresponds to those 
reported in R. nigromaculata [6], R. catesbeiana [4] 
and R. pipiens [1]. Thus, all these frogs and toads 
have calcium phosphate deposits in the similar 
regions of the dermis. 

There also exists a different type of calcium 
deposit in the skin of the present species. As 
shown by line analyses, a calcium deposit not 
associated with phosphorus was in the loose 
connective tissue close to the epidermis. This 
deposit has not hitherto been reported in the skin 
of frogs and toads. The calcium content in this 


deposit is less than that of the mid-dermis deposit. 
However, since this deposit is present in both 
dorsal and ventral skin, it is not an arbitrary but 
constitutional component. Whether this deposit 
is common in the toad or characteristic of the 
present species is now being investigated. 
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Distribution of LHRH-like Immunoreactivity in the Brain of 
the Japanese Eel (Anguilla japonica) with Special 
Reference to the Nervus Terminalis 
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ABSTRACT — The brain of the Japanese eel, Anguilla japonica, was studied immunocytochemically 
using antisera generated against the synthetic luteinizing hormone-releasing hormone (LHRH) of 
mammals. LHRH-positive perikarya were observed in both the distal and proximal ganglia of the 
nervus terminalis and in the ventrolateral portions of the ventral telencephalon and preoptic area. 
LHRH-positive perikarya of the distal and proximal ganglia of the nervus terminalis sent their 
fibers to the olfactory nerve, ventral telencephalon, preoptic area, and optic tectum. LHRH-positive 
fibers, originating from the ventral telencephalon and preoptic area, proceeded toward the olfactory 
bulb, dorsolateral part of the rostral telencephalon, preoptic area, neurohypophysis, and optic tectum. 
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LHRH-positive fibers were also observed in the optic nerve. 
parison with recent anatomical findings by others in other teleosts. 


These findings are discussed in com- 
Further, possible participation 


of nervus terminalis in reproductive behavior is discussed. 


INTRODUCTION 


A recent resurgence of interest in the nervus 
terminalis (terminal nerve) has resulted in new 
anatomical findings, suggesting participation of 
nervus terminalis in reproductive responses toward 
sex pheromones (see[1]). Particularly, Schwanzel- 
Fukuda and Silverman [2] presented the first 
evidence in the guinea pig that cells and fibers 
of the nervus terminalis contain LHRH-like 
immunoreactivity. Subsequently, Miinz ef ai. [3, 
4] reported LHRH-like immunoreactivity in the 
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nucleus olfactoretinalis (NOR) of cichlid, poecilid, 
and centrarchid fishes, in which the olfactory 
bulb is situated close to the telencephalic hemi- 
sphere (sessile olfactory bulb). These teleosts 
with sessile olfactory bulbs possess both the distal 
and proximal ganglia of the nervus terminalis 
(DGNT and PGNT) [5], and the NOR seems to 
correspond to the PGNT [5]. On the other hand, 
teleosts with the pedunculated olfactory bulbs 
(e.g. cyprinid) possess only the DGNT [5], where 
LHRH-like immunoreactivity has recently been 
demonstrated in the goldfish [6]. Thus, evidence 
for the occurrence of LHRH-like immuno- 
reactivity in the DGNT in teleosts with the sessile 
olfactory bulbs is lacking at this time. In order 
to explore a functional significance of the nervus 
terminalis, further detailed studies in teleosts 
with the sessile olfactory bulbs are urgently nec- 
essary. 

The present study describes the distribution of 
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LHRH-like immunoreactivity in the brain of the 
Japanese eel which possesses sessile olfactory bulbs, 
with special reference to the nervus terminalis. 


MATERIALS AND METHODS 


More than thirty cultured Japanese eels (Anguilla 
japonica) were obtained from a commercial 
source and were about 45cm in total length, 
weighing 180 g. They were killed by decapitation 
without anesthesia. Following the rapid removal 
of the dorsal cranial bone, the dorsal surface of 
the brain was exposed and the head was immersed 
in Bouin’s solution. A preliminary experiment 
showed that in the Japanese eel, substances 
immunoreactive toward anti-LHRH sera were 
more abundant in tissues fixed with Bouin’s 
solution than those fixed with 10% formalin 
solution or Bouin’s solution without acetic acid. 
During the first 30 min of fixation, the brain and 
the attached pituitary were dissected out carefully, 
and placed in Bouin’s solution for about 24 hr. 
The tissue was dehydrated through a series of 
increasing concentrations of ethanol, embedded 
in paraplast, and serial sagittal or transverse 
sections of 6-10 wm in thickness were cut. In 
several specimens, all the serial sagittal sections 
(n=10) and serial transverse sections (n=4) of the 
brain were treated with LHRH-immunocyto- 
chemistry, and most of them were counterstained 
with Meyer’s hematoxylin. Three other series of 
sagittal or transverse sections were stained with 
cresyl violet to examine normal cytoarchitecture. 
The present terminology of brain areas is mainly 
according to Nieuwenhuys [7], Peter and Gill [8] 
and Northcutt and Braford [9]. 

Two kinds of anti-LHRH sera were used. 
One was provided at the courtesy of Dr. K. 
Wakabayashi, Gunma University [10], and another 
was obtained commercially (Miles-Yeda, lot No. 
UZ-8). Both antisera were produced in rabbits 
by multiple intradermal injections of synthetic 
mammalian LHRH-bovine serum albumin con- 
jugate. These antisera were used optimally at 
dilutions of 1: 400 to 1: 1,000. 

The immunocytochemical staining procedure 
was the unlabeled antibody-enzyme method. 
In brief, paraplast was removed from sections 


with xylene, and the sections were hydrated in a 
graded ethanol series, and washed in phosphate 
buffered saline (0.14. M NaCl, 0.01 M phosphate 
buffer, pH 7.3) containing 0.1°% bovine serum 
albumin and 0.1% normal goat serum. This 
solution served as the diluent for antisera. 
Sections were treated with normal goat serum 
(1: 20, Polysciences) for 1 hr to reduce non- 
specific staining. Primary antisera were applied 
to the sections for 2 to 16 hr, and goat anti-rabbit 
gamma globulin serum (1: 40, kind gift of Dr. 
K. Wakabayashi, Gunma _ University), and 
rabbit peroxidase-anti-peroxidase complex 
(1: 50, Polysciences) were each applied for 1 
to 2hr. Finally, 3, 3’-diamino-benzidine tetra- 
hydrochloride and 0.003% H.O. were used for 
visualization of the immunoreaction. All the 
procedures were performed at room temperature. 

Control staining for specificity of the reaction 
was performed (1) by replacing the primary 
antisera with normal rabbit serum or (2) by using 
the primary antisera previously absorbed with 
synthetic mammalian LHRH. For this purpose, 
histological sections prepared from both the rat 
median eminence and Japanese eel brain were 
used. The immunopositive reaction toward anti- 
LHRH sera in both the rat and Japanese eel was 
completely abolished by preabsorption with a low 
concentration of synthetic mammalian LHRH 
(50 g/ml antisera at a dilution of 1: 500). 


RESULTS 


A specific reaction product was found in the 
neuronal perikarya and fibers of the brain by 
both anti-LHRH sera, and no difference could 
be detected in the distribution of LHRH-like 
immunoreactivity for either antisera used. The 
results obtained are schematically shown in 
Figures 1 and 2. 


LHRH-positive perikarya 

Neuronal perikarya containing LHRH-like im- 
munoreactivity could be grouped into four ac- 
cording to location (Figs. 1 and 2). The first 
group of LHRH-positive perikarya was near 
the transition between the olfactory nerve and 
olfactory bulb (Figs. 1, 2a, 3a and 4). Ac- 
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TEO 


Fic. 1. 
projecting on a nearly midsagittal plane. 
of the sections illustrated in Fig. 2a—h. 


ABBREVIATIONS IN Fics. 1-10. 
AC, anterior commissure; Cer, cerebellum; 
glion of the nervus terminalis; 
olfactory tract; 
anterioris periventricularis; 
thalami; NE, nucleus entopeduncularis; 
NLT, nucleus lateralis tuberis; 
nucleus preglomerulosus; 
NRL, nucleus recessus lateralis; 
OpN, opticnerve; OT, optic tract; 
intermedia; PJT, pituitary; 
subcommissural organ; 
tectum; TL, telencephalon; 
nucleus of area ventralis telencephali; 


commissural nucleus of area ventralis telencephali; 
Vy, ventral nucleus of area ventralis telencephali. 


telencephali; 


cordingly, most of the LHRH-positive perikarya 
of this group were distributed in both the most 
proximal portion of the olfactory nerve and most 
rostral portion of the olfactory bulb (Figs. 1, 2a 
and 3a, b). Some could be found in the olfactory 
nerve and olfactory bulb which were situated some 
distance from the transition (Figs. 1 and 4c). The 
LHRH-positive perikarya of this group were 
distributed near the ventromedial surface (Figs. 2a 
and 3a), and were moderate in number (10 to 
30 cells for one side of the brain). They were 
bipolar or multipolar and were distributed loosely 
(Figs. 3 and 4). These LHRH-positive cells 
were usually spindle shaped and about 10 ~m 
along the minor axis, and were larger than the 
mitral cells. Some of them sent thick (about 
3 wm in diameter) axon-like fibers in the caudal 
direction (Fig. 3b). From the size and _ the 


D, area dorsalis telencephali; 
Hyp, hypothalamus; 
MFB, medial forebrain bundle; 

NDL, nucleus dorsolateralis thalami; 
NG, nucleus glomerulosus; 
NOH, nucleus opticus hypothalamicus of Ekstr6m (1982) [33]; 
NPO, nucleus preopticus; 
OB, olfactory bulb; 
PGNT, proximal ganglion of the nervus terminalis; 


Topographic distribution of LHRH-positive perikarya (black circles) and fibers (broken lines) 
Arrowheads with a-h represent the transverse planes 


DGNT, distal gan- 

LFB, lateral forebrain bundle; LOT, lateral 
MOT, medial olfactory tract; NAPy, nucleus 
NDM, nucleus dorsomedialis 
NH, nucleus habenularis; 
NPG, 
NPP, nucleus preopticus periventricularis; 
OC, optic chiasma; OWN, olfactory nerve; 
PI, pars 


PPD, proximal pars distalis; RPD, rostral pars distalis; SCO, 

SV, saccus vasculosus; TE, mesencephalic tegmentum; TEO, optic 
Vc, central nucleus of area ventralis telencephali; Vd, dorsal 

VI, lateral nucleus of area ventralis telencephali; Vp, post- 


Vs, supra-commissural nucleus of area ventralis 


characteristic location, these cells appeared to 
correspond to the DGNT as described by Rossi 
et al. [5], and to the nervus terminalis ganglion 
cells described by several earlier authors [11-13]. 

The second group of LHRH-positive perikarya 
was found in a cluster in the caudalmost part of 
the olfactory bulb (Figs. 1, 2b, 5 and 6). These 
cells were distributed near the ventromedial surface 
of that region (Figs. 5a and 6) and were usually 
ovoid and appeared unipolar (Figs. 5a and 6), 
though some were bipolar (Fig. 5b). The diameter 
of these LHRH-positive cells ranged from 7 to 
20 wm (Fig. 6). The immunoreactivity of these 
cells varied according to cell and specimen, and 
was generally weaker than that of other three 
groups. In some _ specimens, a _ considerable 
number of moderately stained cells were found 
(about 80 cells for each side; Fig. 5a), whereas 
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Fic. 2. Schematic representation of LHRH-positive perikarya (black circles) 
and fibers (dots) at eight transverse levels of a—h in Fig. 1. 


in other specimens only few such cells could be 
distinguished. Those cells of the second group 
apparently correspond to the PGNT [5], and to 
the NOR [3-4]. 

The LHRH-positive perikarya of the third group 
were scattered about in the precommissural, 
ventrolateral part of the ventral telencephalon, 
where LHRH-positive perikarya were present 
in the white matter ventral to the medial olfactory 
tract (MOT; Figs. 1, 2c and 7). Most of these 
cells appeared bipolar, and sent fibers in the 
rostral and caudal directions (Fig. 7b), but some 
were unipolar. They were a few in number (about 
10 cells for one side of brain), spindle shaped 
(5 to 7 ym along the minor axis), and smaller 
than those of the first group. 

LHRH-positive perikarya of the fourth group 
were located in the ventrolateral part of the 


preoptic area, where they were distributed in 
the neuropil lateral to the nucleus preopticus 
and nucleus anterior periventricularis (Figs. 1, 
2e, f and 8). LHRH-positive cells of this group 
were occasionally observed (about three for each 
brain side). They appeared bipolar, sending 
fibers in the rostral and caudal directions (Fig. 8a, 
c) and were similar to those of group 3 in the 
shape and size. 


LHRH-positive fibers 


Olfactory nerve Many LHRH-positive fibers 
were present in the most proximal part of the 
olfactory nerve, where the olfactory nerve formed 
a pair of thick bundles (Figs. 1, 2a and 3). 
Rostrally, number of LHRH-positive fibers de- 
creased remarkably, and in the region where 
the olfactory nerve was separated into several 
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Fic. 3. Transverse (a) and sagittal (b) sections of the most proximal part of the olfactory nerve (ON) 
showing the LHRH-positive cells (arrows) of the DGNT. a, Note the LHRH-positive perikarya 
in the most peripheral region of the ON. b, Note the LHRH-positive perikarya (arrowheads) with 


a thick axon-like fiber. a, «320; b, 350. 


Fic. 4. Six successive parasagittal sections through the ventromedial part of the OB. The scale for 
a-d and e-f are not the same. Several LHRH-positive fibers (arrows in a-c), along with a new fiber 
originating in the perikarya in the rostral olfactory bulb (arrowhead in c), aggregate and proceed 
caudally. Asterisks in c and f indicate transitions between ON and OB, and between OB and TL, 


respectively. a-d, 160; e-f, «100. 


small bundles, LHRH-positive fibers were rarely 
observed. 

Olfactory bulb In the olfactory bulb, LHRH- 
positive fibers were in the ventromedial portion 
running, in most cases, rostro-caudally over the 


entire length of the olfactory bulb (Figs. 1 and 4). 
LHRH-positive fibers, which aggregated densely 
into bundles, were occasionally observed (Fig. 4). 
Some LHRH-positive fibers could be followed 
rostrally to the LHRH-positive perikarya of the 
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Fic. 5. Transverse (a) and sagittal (b) sections passing through the caudalmost part of the OB showing 
a, Note the mass of LHRH-positive cells. 


LHRH-positive cells of the PGNT. 


@ 


b, Note the ap- 


parently bipolar LHRH-positive cell sending fibers rostrally and caudally (arrow). a, 210; b, x 160. 
Fic. 6. Three successive parasagittal sections passing through the transition between the OB and TL. 


The scale is different for a—b and c. 


DGNT (Fig. 4), whereas others could be followed 
caudally to those of the PGNT (Fig. 5b). Thus, 
in the olfactory bulb, both ascending and descend- 
ing LHRH-positive fibers could be observed. 
LHRH-positive fibers terminated in the olfactory 
bulb were not observed. In the caudalmost 
part of the olfactory bulb, LHRH-positive fibers 
were situated medial to or in the PGNT. These 
fibers, as well as fibers originating from the PGNT, 
proceeded caudally toward the telencephalon 
through the junction between the olfactory bulb 
and telencephalon (Figs. 1 and 6). 

Telencephalon in the telencephalon, many 
LHRH-positive fibers were found in the ventral 
portion (Figs. 1 and 2c, d). These fibers were 
grouped into two according to either origin 
and/or location. 

The fibers of the first group originated from both 


Note that an LHRH-positive fiber (arrows) originating in the 
perikaryon of the PGNT runs caudally in the MOT. 


a—b, x180; c, x120. 
the DGNT and PGNT and proceeded caudally in 
association with the MOT (Figs. 1, 2c and 6). 
In the region rostral to the anterior commissure, 
the fibers diverged medially from the MOT, 
and passed through the region between the dorsal 
and ventral limbs of the anterior commissure 
(Figs. 1, 2d and 8a). Beyond the anterior com- 
missure, they separated in two directions: dorso- 
caudally toward the optic tectum, and ventrally 
toward the preoptic area to join the second group 
of LHRH-positive fibers mentioned below (Fig. 1). 
Some LHRH-positive fibers which coursed in 
association with the MOT separated ventrally 
from the others at the level of the rostral telen- 
cephalon, and joined the second group of LHRH- 
positive fibers (Fig. 1). 

LHRH-positive fibers of the second group 
originated primarily from the ventral telenceph- 
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alon, but some originated from both the DGNT 
and PGNT, as mentioned above. Most of these 
ran rostrocaudally in the neuropil surrounded by 
the lateral border of the ventral nucleus of the 
area ventralis (Vv), the ventral border of the MOT, 
and the medial border of the lateral nucleus of 
the area ventralis (Vl). Some, however, were 
located within the Vv and VI (Fig. 2c). In the 
pathway of these LHRH-positive fibers, there 
were LHRH-positive perikarya of the ventral 
telencephalic group (Fig. 1). Most of this group 
of LHRH-positive fibers proceeded dorsolaterally 
toward the most rostral portion of the area 
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dorsalis, and terminated therein (Figs. 1 and 2b). 
It was also found that some LHRH-positive 
fibers originating from the ventral telencephalon, 
entered the MOT and proceeded rostrally to the 
olfactory bulb. 

The second group of LHRH-positive fibers 
could also be followed caudally to the commissure 
of Goldstein, and further toward the preoptic 
area (Figs. 1, 2c-e, 7 and 8). In the preoptic 
area, many LHRH-positive fibers were observed 
near the bottom of the preoptic recess and in 
the lateral preoptic area dorsolateral or lateral 
to the preoptic recess (Figs. 1, 2d-f and 9). In 


Fic. 7. Transverse (a) and sagittal (b) sections passing through the rostral telencephalon. In both 


a and b, note the LHRH-positive perikarya (arrows) distributed just ventral to the MOT. 


b, x 150. 


Fic. 8. Two parasagittal sections (a and c) passing through the lateral preoptic area (1-POA). 


a, x 100; 


The 


rectangular area is enlarged and shown in b. Note the LHRH-positive perikarya (thick arrows in 


a and c) distributed in the I-POA. 


and in b an LHRH-positive fiber (arrow) in the OpN. 


In a, there is an LHRH-positive fiber (thin arrow) near the AC, 


a, 150; b, x300; c, x170. 
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Fic. 9. Sagittal section passing through the medial preoptic area (m-POA) showing 


the distribution of LHRH-positive fibers in this region. 


x 200. 


Fic. 10. Sagittal section passing through the hypothalamo-hypophysial region 
showing the distribution of LHRH-positive fibers in the neurohypophysis. 
Nearly all the LHRH-positive fibers terminate in the caudal part of the anterior 


neurohypophysis just dorsal to the PPD. 


the neuropil lateral to the nucleus periventricularis 
(NPP), branching and bouton-like structures were 
observed, suggesting that some of the LHRH- 
positive fibers terminate in this area. LHRH- 
positive fibers were occasionally found in the 
optic chiasma or the optic nerve (Fig. 8b). 

Other areas Most of the LHRH-positive fibers 
distributed in the lateral preoptic area could be 
followed caudally to the neurohypophysis through 
the ventrolateral portion of the hypothalamus 
(Figs. 1 and 2f-h). In this pathway, LHRH- 
positive fibers were accompanied by LHRH- 
positive perikarya of the preoptic group (Fig. 1). 
In the neurohypophysis, they were converged in 
the caudal region of the anterior neurohypophysis 
just dorsal to the proximal pars distalis (Fig. 10). 


x95. 


Several other LHRH-positive fibers in the lateral 
preoptic area proceeded dorsocaudally to join 
those passing through the anterior commissure, 
and further proceeded toward the optic tectum 
and the habenula (Fig. 1). Some of these LHRH- 
positive fibers were terminated in the habenula 
or nucleus dorsolateralis thalami, while most 
entered the optic tectum (Figs. 1 and 2g). In 
the optic tectum, they were distributed mainly 
in the stratum album centrale and stratum fibro- 
sum et griseum superficiale. 

A few LHRH-positive fibers were observed in 
the mesencephalic tegmentum, although their 
origins and destinations could not be determined 
(Fig. 1). 
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DISCUSSION 


Determination of the primary structure of 
LHRH of the salmon [14] has been made recently. 
Salmon LHRH differs from mammalian LHRH 
in the amino acids in positions 7 and 8: Leu’ and 
Arg*® of mammalian LHRH take the place of Trp’ 
and Leu® in the salmon. Thus, the length of the 
chain, the N-terminal six amino acids, and the 
C-terminal two amino acids have been stable 
during the process of evolution. In the present 
study, we used antisera generated against mam- 
malian LHRH and the specificity of the immuno- 
reaction was examined by preabsorption of the 
antisera with synthetic mammalian LHRH: the 
positive reaction in both the rat and eel brain was 
equally eliminated by preabsorption with a low 
concentration of synthetic mammalian LHRH. 
Although preabsorption of the antisera with 
salmon LHRH was not performed in the present 
study, our antisera seem to react with mammalian 
and eel LHRH. 

The region in which LHRH-positive perikarya 
were demonstrated so far in the teleostean brain 
are: 1) ganglion cells of the nervus terminalis of 
the goldfish [6], in which only the DGNT is 
present [5], 2) NOR (PGNT) of the cichlid, 
poecilid and centrarchid fishes [3, 4, 15], 3) dorsal 
telencephalon of the rainbow trout [16], 4) ventral 
telencephalon of the platyfish [17], 5) preoptic 
area of the platyfish [3, 15], carp [18], stickleback 
[19], and goldfish [20], 6) nucleus lateralis tuberis 
of the platyfish [3,15] and goldfish [6, 20], 
7) dorsomedial and ventromedial thalamus of the 
stickleback [19], and 8) dorsal midbrain of the 
platyfish [3]. In the Japanese eel, however, 
LHRH-positive perikarya were found in the 
DGNT, PGNT, ventral telencephalon and preoptic 
area, but in other regions only LHRH-positive 
fibers could be observed. Thus, our results are 
in partial agreement with previously published 
reports on other teleosts. 

The precise origins and destinations of LHRH- 
positive fibers coursing through the olfactory and 
optic nerves could not be determined in this 
study. Through the application of LHRH- 
immunocytochemistry and horseradish peroxidase 
(HRP) tracing techniques, however, Miinz ef al. 


[3, 4] found that, in the platyfish and cichlid, 
LHRH-positive fibers of the NOR pass into (1) 
the olfactory bulb and olfactory nerve, (2) the 
retina and (3) the brain, although their termination 
is uncertain. It is also reported that the nervus 
terminalis of the goldfish sends peripheral processes 
into the olfactory epithelium and central processes 
into the supracommissural nucleus of the telen- 
cephalon and retina through the MOT [1, 21]. 
Taking these findings into considerations, it 
seems probable that LHRH-positive cells of the 
DGNT and PGNT of the Japanese eel project 
their fibers into the olfactory epithelium and 
retina, as well as the ventral telencephalon, 
peri-commissural region, preoptic area and optic 
tectum. 

Demski and Northcutt [1] proposed that, 
in the goldfish, the nervus terminalis may mediate 
various reproductive responses toward sex 
pheromones. Evidences which support this hy- 
pothesis are: (1) electrical stimulation of the MOT 
in reproductively active male goldfish elicits 
sperm release, whereas bilateral transection of the 
MOT in goldfish drastically reduces male responses 
to pheromones of reproductively active females 
(see [1]). The nervus terminalis ganglion cells of 
the goldfish are located in the rostral part of the 
olfactory bulb and send axons centrally to the 
ventral telencephalon through the MOT [1, 21], 
and (2) electrical stimulation of the optic nerve 
evokes sperm release in reproductively active 
male goldfish, which is claimed to be due to the 
stimulation of axon collateral of the nervus 
terminalis [1]. Furthermore, recent brain-lesion 
and/or -stimulation studies in goldfish and some 
other teleosts have suggested that both ventral 
telencephalon (particularly Vv and Vs) and preoptic 
area are also involved in the facilitation of male 
sexual behavior (goldfish [22-24], kokanee [25]). 
As shown in the present study, the distributional 
area of LHRH-positive fibers of the mnervus 
terminalis system in the Japanese eel overlaps 
largely with the above-mentioned areas. Since 
LHRH is the neuropeptide most closely associated 
with reproductive function, LHRH-like substance 
in the nervus terminalis system may play a role in 
reproductive responses toward sex pheromones. 
Supporting this idea, in rodents it has been sug- 
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gested that LHRH acts directly on the brain and 
facilitates the reproductive behavior [26]. 

The nucleus lateralis tuberis (NLT) of teleosts 
has been suggested as the hypothalamic center for 
pituitary gonadotropin secretion and possibly 
may be the origin of the gonadotropin-releasing 
hormone [27-29]. Supporting the latter idea, 
LHRH-positive perikarya were demonstrated in 
the NLT of the goldfish [6, 21] and platyfish 
[3, 16]. However, in our study using the Japanese 
eel, LHRH-positive fibers of the neurohypophysis 
originated from the ventral telencephalon and 
preoptic area, but not from the NLT. There are 
two possible (mutually exclusive) reasons for this: 
(1) LHRH-neurons may be present in the NLT, but 
cannot be observed by immunocytochemical 
techniques (perhaps owing to an inadequate 
amount of LHRH in the perikarya), and (2) pos- 
sibly LHRH-neurons may not be present in the 
NLT of the Japanese eel. In the rat, although 
the arcuate nucleus is generally considered as the 
hypothalamic center for tonic gonadotropin 
secretion, LHRH-neurons are not detectable there 
[30-32]. Clarification of this matter will require 
further research. 
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Characteristics of Two Lines of Japanese Quail Selected 
for Response to “Continuous Light Treatment” 


TAKAO KonisHi! and TADASHI OISHI? 


Kanebo Institute for Cancer Research, 
Misaki-cho, Hyogo-ku, Kobe 652, Japan 


ABSTRACT — Two lines of Japanese quail were divergently selected for cloacal gland response to 
“continuous light treatment’? (CLT) in males and for age at first egg in females through four gener- 
ations. Males responded to CLT and females laid eggs at earlier ages and between 08: 30 and 14: 00 
in a day were selected as KR line. The sires and dams of KN line were males unresponsive to CLT 
and females laid eggs at later ages and between 16: 30 and 08: 30. Remarkable cloacal gland growth 
by CLT was observed in KR line through all the generations examined. Percentages of the responsive 
birds to CLT for KR and KN lines of the fourth generation were 83.4% and 2.8%, respectively. 
Average ages of females laid the first egg were significantly earlier in KR than in KN line from the 
first generation to the fourth generation. Gonadal growth was faster and serum testosterone con- 
centration was higher in KR than in KN line of the fourth generation. The body weight and cloacal 
gland size of the fourth generation were significantly larger in KR than in KN line. The cloacal 
gland of KR line attained maximum size by 70 days of age under short photoperiod but maturation 
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of the cloacal gland in KN line was retarded considerably. 


INTRODUCTION 


We previously reported variations in the pho- 
toperiodic cloacal gland response of Japanese 
quail and classified three types, i.e., type I which 
becomes refractory to short days and maintains 
large cloacal glands under conditions of alternating 
long and short days; type II which is intermediate 
between types I and III; type III which precisely 
responds to conditions of alternating long and 
short days [1]. Selection of these three types is an 
interesting problem, but it takes several months to 
differentiate them for each generation. For- 
tunately, we noted a similar photo-gonadal 
response about 20 years ago as described below 
[2]. When continuous illumination of 32 hr or 
longer is given to Japanese quail which have been 
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reared under the photoperiod of 8 hr light — 16 hr 
darkness (LD 8:16) at about 40 days of age, 
some of them begin to show testicular growth 
and finally attain full maturation. We designate 
the insertion of a limited duration of continuous 
illumination into the cycle of short photoperiods 
as continuous light treatment (CLT). The ex- 
istence of the responsiveness and unresponsiveness 
to CLT in early days of age suggests a possibility 
to select at least two populations depending on 
the extent of the response to CLT. This would be 
very useful for researches in photoperiodism of 
quail because lack of uniformity of photoperiodic 
response in populations of Japanese quail has made 
experimental analyses difficult as pointed out by 
Oishi and Konishi [3] and Oishi [4]. 

The purpose of this report is to show the 
possibility of isolation of the above two populations 
and to examine specific traits of those popula- 
tions such as body growth, cloacal gland growth, 
egg production and serum levels of testosterone 
and triiodothyronine (T;). T; was measured to 
examine the relation between level of the hormone 
and body growth. Selection both in males and 
females was done, because the trials previously 
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performed indicated that the selection by CLT in 
males without any selection in females resulted in 
incomplete isolation of the two populations. 
During the process of those trials, it was observed 
that the females of the group which originated 
from quail responded to CLT laid the first egg 
at earlier ages than those unresponsive to CLT 
and showed the oviposition time in the middle of 
light period. Thus, these two traits were adopted 
as indices for selection in females. Since a marked 
depression in most reproductive traits was shown 
to result in a high loss in inbred lines within a 
few generations of full-sib mating [5—8], divergent 
selection by using 10 to 12 sires and 20 to 25 dams 
was performed to avoid intensive inbreeding. 


MATERIALS AND METHODS 


Selection 


Day-old Japanese quails (Coturnix coturnix 
japonica) purchased from Nihon Uzura Co., Ltd. 
were used as the original population. Quails of 
both sexes were reared under continuous light for 
the first 2 weeks with heating by 100 watt tungsten 
lamps and then the photoperiod was changed to 
8 hr light - 16 hr darkness (LD 8: 16; 09: 00-17: 00 
light on). Males received 32 hr or 56 hr of CLT 
(continuous light treatment) at 38-42 days of age 
and were returned to LD 8:16 after the treat- 
ment. Cloacal gland size (width) was measured 
just before CLT and 7 to 10 days after CLT. 
Females received 16 hr light —- 8 hr darkness (LD 
16: 8; 1: 00-17: 00 light on) from 4 weeks of age 
(at this age, males and females can be distin- 
guished easily by the pattern of the breast feather 
color) and the oviposition was checked at 08: 30, 
12:00, 14:00 and 16:30 every day. Males 
responded to CLT and females laid eggs at earlier 
ages and during the period between 08:30 and 
14: 00 were selected as KR line. The sires and 
dams of KN line were males unresponsive to CLT 
and females laid eggs at later ages with oviposition 
after 16: 00 and before 08: 30, respectively. For 
the first and the second generations, 10 sires and 
20 dams were selected for KR and KN lines, and 
12 sires and 25 dams were chosen from the third 
generation. 


Animal care 


Quails were reared for the first 2 weeks of age in 
small cages (60° x 50” x 14" cm), and then trans- 
ferred to middle-sized cages (50° x 80” x 17" cm) 
until 4 weeks of age. After that, they were reared 
in individual cages (15° x15” x15"cm). Breed- 
ing colonies were kept in large cages (91* x 
178” x96" cm). Room temperature was kept at 
23+1°C. For the young chicks, an additional 
heater was supplied to keep them warm. Fiuo- 
rescent light tubes were used as a light source 
(intensity of light was 180-450 lux at bird level). 
Commercial chick starter of mash type was given 
until 2 weeks of age and, thereafter, commercial 
quail pellets were fed. Food and water were 
given ad libitum. 


Measurement 


Cloacal gland size (width) was measured by a 
caliper. Combined weight of the left and right 
testis and left ovary weight were measured when 
necessary. Serum testosterone and _ triiodothy- 
ronine (T3) were measured by “Testosterone 
Radioimmunoassay Kit (Commissariat a 
energie atomique; cross reactivity with Sa- 
dihydrotestosterone is 75% and that with other 
androgens is less than 0.2%) and RIA-Mat™-T; 
Kit (Daiichi Radioisotope Laboratory Co., Ltd.; 
cross reactivity with thyroxine is 1.2%), respec- 
tively. Statistical analyses were done by Student’s 
t test and correlation analysis. 


RESULTS 


Cloacal gland growth by CLT 


Remarkable cloacal gland growth by CLT 
(32 hr) was observed in KR line through four 
generations (Table 1), but not in KN line. When 
longer duration of CLT (56hr) was given, 
males of KN line have shown high cloacal gland 
growth ratio (1.40 both in F, and F;). Mean 
cloacal gland growth ratios in all the generations 
of KR line became significantly larger after CLT. 


When the cloacal gland size of KR line was 
compared with that of KN line before CLT, 


difference was observed only in the populations of 


Quail Selection for Continuous Light Response 551 


TABLE 1. Growth ratio of the cloacal gland in each generation (Size after CLT/Size 


before CLT)* 


Group pa KN line pi tn KR line 

Parent = — 

Sires of F, 10 unresponsives 10 responsives 
F, 42 0.99 +0.025 29 1.17+0.048* 
Sires of F, 10 0.98 +0.047 10 1.41+0.081° 
F, 36 1.40+0.066 36 1.57+0.049 
Sires of F; 12 1.12+0.041 12 1.86+0.062° 
F; 36 1.000.020 36 1.24+0.051° 
Sires of F, 12 0.92+0.020 12 1.56+0.093° 
F, 36 1.01+0.016 36 1.46+0.038° 


Values are Mean-+-S.E.M. 


Difference between KN and KR: * P<0.02, ° P<0.01, * P<0.001. 
* Duration of CLT was 32 hr except for F, in which duration of CLT was 56 hr. 


TABLE 2. Percentages of the responsive birds to CLT in each generation 


Groups Pr By 
KN 11.9 63.9 
KR 37.9 88.9 


(ee Foy” Pg 
71.4 dF RG 2.8 
92.9 44.5 83.4 


* Duration of CLT was 32 hr. 
** Duration of CLT was 56 hr. 


F, generation (0.710+0.012cm for KR and 
0.641+0.014 cm for KN, P<0.01). Percentages 
of the birds, in which the ratio of the cloacal 
gland size after CLT to that before CLT was more 
than 1.2, were shown in Table 2. Because F, and 
F;_; populations received 56 hr CLT, the number 
of birds which showed large cloacal gland 
increased in KN group as well as in KR group. 
The data of F, generation clearly indicate the 
segregation of the responsiveness to CLT between 
KR and KN lines (2.8% for KN and 83.4% for 
KR). 


Egg production 


Average ages of females laid the first egg were 
significantly earlier in KR line than in KN from 
the first generation (Table 3). It should be noted 
that these females were reared in LD 8: 16 (short 
photoperiod) between 2 and 4 weeks of age, which 
retarded the age at first egg to some extent. Pat- 
terns of increase in laying birds and distributions 
of ages at first egg in the populations of four 


generations (F,-F,) are shown in Figure 1 and 
Figure 2, respectively. It is clearly shown that 
segregation of two lines has become more apparent 
as the number of generations increases. How- 
ever, since two peaks apparently exist in the age 
at first egg of KN line (Fig. 2), more rigid selection 
for age at first egg should be necessary. 

Although the oviposition time in KR and KN 
lines has not fully been analysed, there was a 
tendency that the oviposition occurred more 
frequently in the middle of the light period in KR 
line than in KN line. Average percentages of 
the ovipositions in the F; populations of KN and 
KR lines at each interval during a day were, 
respectively, 14.1 and 29.0 (08: 30-12: 00), 33.5 
and 30.8 (12: 00-14: 00), 34.3 and 25.1 (14: 00- 
16: 30), and 18.1 and 15.1 (16: 30-08: 30). Similar 
data in the fourth generation were 14.2 and 29.4 
(08: 30-12: 00), 26.9 and 41.0 (12: 00-14: 00), 38.2 
and 18.6 (14: 00-16: 30), and 20.7 and 11.0 
(16: 30-08: 30) for KN and KR _ groups, 
respectively. This suggests that the circadian 
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TABLE 3. Average age (days) at first egg in each generation 
Group No. of birds KN line - No. of birds KR line 
Parent — pints 
Dams of F, 20 47.20.58 20 42.6+0.49° 
F, 17) 53-5 =1=0.52 80 49.5 +0.37° 
Dams of F, 20 49.2+0.53 20 46.4+0.50? 
F, 66 52.80.72 73 49.1-+0.57° 
Dams of F; 25 53.50.63 Ds 45.0+0.35° 
F; 79 53.6+0.84 80 46.4+0.38° 
Dams of F, DS) 53.8+0.86 25 45.0-40.30° 
F, 68 53.30.61 iS 46.4+0.37° 
All groups were reared in LD 8: 16 from 2 to 4 weeks of age. 
Values are Mean-+S.E.M. 
Difference between KN and KR: * P<0.02, ° P<0.01, * P<0.001. 
100 
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Fic. 1. Increase in laying birds from the first (F:) to the fourth (F,) generation of KN and KR lines. 
Solid circles: KR line, open circles: KN line. a: F,, b: Fy, c: F;, d: Fy. Birds were 
reared under continuous light for the first 2 weeks and under LD8: 16 for the second two weeks after 


hatch and then transferred to LD 16: 8. 


pattern of the oviposition time might be different 
between KR and KN groups. 


Body growth 


Results in the fourth generation are shown in 
Table 4. From a week of age there was a dif- 
ference in body weight between KN and KR 
groups. Average body weights of KR line at 8 


days (male and female), 29 days (male), 50 days 
(male) and 65 days (male and female) of age were 
statistically heavier than those of KN line. 


Gonadal growth and serum levels of testosterone 
and T; 


Results in the fourth generation are shown in 
Table 5. The testicular growth of KR group was 
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% birds of first ovip 


% birds of first ovip 


Days after hatch 


Fic. 2. Distributions of ages at first egg in four generations. 
lations are shown in Table 3. White bars: KR line, dotted bars: KN line. a: F,, 
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TABLE 4. Body growth in the fourth generation of KN and KR lines 


(days) Group 

1-2 KN 
8 KN 
KR 

15 KN 
KR 

22 KN 
KR 

29 KN 
KR 

36 KN 
KR 

43 KN 
KR 

50 KN 
KR 

65 KN 
KR 


Body weight (g) 


6.9+0.13 (22) 


14.4+0.51 (6) 
19.3+0.89 (6)° 


27.6+13.7 (6) 
33.7+2.24 (6) 


50.9+1.89 (6) 
56.2+2.29 (6) 


71.6+1.51 (8) 
77.9+1.03 (8)* 


88.2+1.43 (10) 
92.1+3.34 (6) 


91.9+1.30 (10) 
93.9+2.61 (6) 
91.1+1.74 (10) 
105.0+:3.58 (6)* 


99.6+1.29 (42) 
112.8+1.90 (42)° 


. 
. 


I 
2 
if 
3 
I 


Female 


28.7-+0.47 (6) 
30.8 +1.56 (6) 


55.6+2.64 (6) 
60.7 +-2.90 (6) 
80.8+2.19 (8) 
81.8+-1.41 (8) 


91.4+1.32 (6) 
100.0+2.91 (5) 


105.5+-3.12 (10) 


116.5+3.29 (3) 


6.9-+0.14 (14) 


14.6+0.77 (15) 
18.7-+0.63 (6)° 


Days after hatch 


Values are Mean-+S.E.M. 


The number of birds is shown in parentheses, 


Differences between KN and KR: 


* P<0.05, ° P<0.02, 


* P<0.001. 
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Average ages at first egg of these popu- 
b: F,, 
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TABLE 5. Gonadal weight, serum testosterone concentration (male) and T; concentration (male 
and female) in the 4th generation of KN and KR lines under LD 16: 8* 
Age Gro Testes weight Ovary weight Testosterone** T; (ng/dl)** 
(days) TOU (mg) (mg) (pg/ml) le Female 
1-2 KN 1.30.12 (17) 2.10.25 (13) DOT 123 245 
8 KN 2.5+0.25 (6) 5.7+0.63 (15) 200 155 245 
KR 4.1+0.93 (6) 6.1+0.69 (6) 147 333 350 
15 KN 3.2+0.31 (6) 7.8+0.38 (6) 160 243 350 
KR 10.4+3.74 (6) 14.4+1.96 (6)? 200 211 374 
22. KN 13.3+3.28 (6) 23.6+2.16 (6) 96+15.9 290+18.7 406+16.9 
KR 63.0+8.45 (6)° 19.7+1.64 (6) 260+60.1 268 +21.6 378 +45.2 
29 KN 29.4+5.46 (8) 34.7+4.16 (8) 120+16.9 307+17.1 409 +18.8 
KR 234.8+54.5 (8)° 42.1+2.90 (8) 465 +204 285 -+20.9 399 + 34.0 
36 KN 412+94.5 (10) 60.3-10.3 (6) 535+204 325+14.1 378 +21.3 
KR 604+167 (6) 98.9+22.0 (5) 1096 +280 295+25.1 351-+20.6 
43 KN 1667+114 (10) 2025 +736 (10) 2535+248 7a 2) 253+18.0 
KR 1747+185 (6) 4580+878 (3) 3645 +476 243 +22.1 164+37.5 
50 KN 27534158 (10) — 3319+245 pall se Nl3)75 — 
KR 2648+162 (6) — 32352 =o 55 239+19.0 — 


* Up to 15 days of age, quails were reared under continuous light. 
** Up to 15 days of age, serums were pooled and measured. 


Values are Mean-+-S.E.M. 


The number of birds is shown in parentheses. 
s<<0505) 


Difference between KN and KR: 


» P<0.02, ° P<0.01. 


TABLE 6. Correlations among parameters measured in the fourth generation of 


KN and KR lines 


Body-Testis 
Body-Testosterone 
Body-T; 
Testis-Testosterone 
Testis-T 
Testosterone-T; 


Male 


Body-Ovary 
Body-T,; 
Ovary-T; 


Female 


KN KR 
0.673 0.773° 
0.654 0.862? 
0.752? —0.264 
0.992° 0.945° 
0.077 —0.390 
0.049 —0.399 
0.593 0.628 
0.387 —0.566 
— 0.408 —0.978° 


Values are correlation coefficients. 
Statistical significance: * P<0.05, 


faster than that of KN group. The difference in 
testicular weight between KR and KN groups is 
reflected in the serum testosterone concentration. 
Ovary growth was also faster in KR than in KN 
group, but not as much distinct as testicular growth. 
There was no difference in serum T; concentration 
between KR and KN lines. 


» P<0.01. 


Correlations among parameters measured 


Results in the fourth generation are shown in 
Table 6. A _ highly significant correlation was 
observed between testes weight and serum testos- 
terone concentration in both KN and KR lines. 
In males of KR line, there was a significant cor- 
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Cloacal size(cm) 


Oays after hatch 


Cloacal size(cm) 


Days 


Fic. 3. Growth of the cloacal gland of KN and KR lines of the fourth generation. 


Cloacal size(cm) 


Days after hatch 


hatch 


after 


a: KN line under 


LD 8: 16. b: KR line under LD 8:16. Solid lines in a and b indicate individual records. c: 
Mean cloacal gland size (+S.E.M.) of KN (open circles) and KR (open triangles) lines under LD 
16: 8, and KN (solid circles) and KR (solid triangles) lines under LD 8: 16. 


relation between body growth and testicular 
growth. In males of KN line, the body weight 
was significantly correlated with the serum T; 
level. In females of KR line, a highly significant 
negative correlation was observed between ovary 
growth and serum T; concentration. 


Maturation under short photoperiod 


One of the experiments of this line in the 
fourth generation was shown in Figure 3. Quails 
were reared under continuous light for the first 2 
weeks and under LD 8: 16 for the second 2 weeks 
after hatch and then divided into two groups, one 
received LD 8:16, another received LD 16: 8. 
Cloacal gland size was measured from 36 days of 
age at the interval of about a week. Those under 
LD 8:16 (the number of animals: KN=25, 
KR=17) were sacrificed at 127 days of age. The 


measurement of the cloacal gland size for quail 
under LD 16:8 was ended at 65 days of age. 
Figure 3 (a: KN line; b: KR line) indicates the 
individual cloacal gland growth under LD 
8: 16 during the period between 36 days and 127 
days of age. Almost all the birds in KR group 
matured by 70 days of age, and only one bird out 
of 17 did not mature during 127 days of observa- 
tion. In KN group, the birds began to mature at 
various ages and 5 birds out of 25 did not mature 
during the period of observation. Under LD 
16: 8, the cloacal glands of KN and KR groups 
attained maximum size by 65 days and the size was 
larger in KR than in KN (1.86+0.017 cm for KR 
and 1.74+0.022 cm for KN, P<0.01). However, 
there was not much difference in growing patterns 
under LD 16: 8 between KN and KR lines. 
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DISCUSSION 


Various genetical traits of Japanese quail such 
as body and organ weights [9, 10], egg production 
[11], mating frequency [12], plumage phenotypes 
and mating preferences [13] and plumage color 
mutants [14] have been reported and selection for 
these traits has been tried, but this report is 
probably the first to report selection of the geneti- 
cal traits of photoperiodicity in birds. Although 
an intensive form of inbreeding by full-sib mating 
has not been done due to possible depression in 
reproductive traits, responsiveness to CLT was 
fairly well separated and depression in fertility and 
hatchability has not been observed after five 
generations of selection. During the course of 
selection, other characteristics than those reported 
in the result are noted. These are feather color 
pattern and pigment pattern on the surface of the 
eggs. Details will be published elsewhere. 

The responsiveness of KR line to “‘continuous 
light treatment” indicates that the mechanism to 
stimulate the testicular growth in KR line is 
switched on by 32 hr of CLT and is maintained 
active thereafter under short days. On the other 
hand, longer duration of CLT (56 hr or longer) 
seems to be necessary to switch on the mechanism 
to stimulate the testicular growth in KN line. 
Since transferring quail from long to short days 
does not cause LH secretion to depress immedi- 
ately but rather to decrease slowly [15] and plasma 
levels of LH and FSH increased and maintained 
a high level for several days after a single long 
photoperiod (20 hr of light) followed by con- 
tinuous darkness in castrated Japanese quail 
[16], Follett and his colleagues proposed a hy- 
pothesis that “‘carry-over’’ is an important property 
of the gonadotropin secretion system in Japanese 
quail. The difference in responsiveness to CLT 
between KN and KR lines might be due to the 
difference in “carry-over”. However, other 
mechanisms might also be involved. 

As Figure 3 indicates, the responses of KR and 
KN lines to short days are similar to those of type 
I and type III in the photoperiodic cloacal gland 
response of quail reported by us [1]. However, 
further studies would be necessary to conclude that 
KR and KN lines are, respectively, the same as 


type I and type III. | Under long photoperiod, 
testes weight and serum testosterone concentration 
showed a tendency to be higher in KR than in KN 
line during the growing period of the fourth genera- 
tion, although these were not different in the adult 
between those two lines. However, larger cloacal 
gland size in the adult of KR line than in KN 
was observed and this suggests a difference in the 
susceptibility of the cloacal gland to gonadal 
hormones between those two lines. 

A positive correlation was observed between the 
body growth and serum T; concentration in males 
of KN line and a negative correlation was observed 
between the ovary weight and serum T;3 concen- 
tration in females of KR line. It should be 
clarified in future experiments whether these are 
merely a parallel relationship or there is any 
causal relationship between them. 

Zelenka et al. [17] discussed about the relation- 
ship among body weight, chronological age and 
sexual maturation in Japanese quail, and concluded 
that multiple threshold traits associated with 
growth and body composition are critical for the 
onset of sexual maturity. Since the age of the 
onset of lay and that of cloacal gland maturation 
were significantly earlier in KR than in KN 
group and body weight showed a tendency to be 
larger in KR than in KN, the two lines of Japanese 
quail we selected might serve as a good experi- 
mental model for the study of the relation between 
sexual maturation and other physiological para- 
meters such as body growth. 

Since smaller body weight and slower sexual 
maturation in KN line than in KR line are ob- 
served and these are comparable with the charac- 
teristics of wild quail which are small in size and 
slow in sexual maturation comparing with domestic 
quail as reported by Kawahara [18], it might be 
the case that the characteristics of wild quail is 
retained by KN line and that KR line has been 
produced by intensive domestication. 
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Effect of Adrenalectomy on Implantation in Pregnant Rats 


Y ASUHIKO OHTA 


Department of Biology, School of General Education, 
Tottori University, Koyama, Tottori 680, Japan 


ABSTRACT — Female rats subjected to bilateral adrenalectomy 4 to 6 days prior to mating had 
smaller uteri showing a decrease in number of embryonic swellings when sacrificed on Day 15 of 
pregnancy as compared with the pregnant control rats with their adrenals intact. In these rats, 
ovaries were markedly reduced in weight with corpora lutea of pregnancy smaller in size than in the 
controls. However, the number of corpora lutea was not significantly different from that in the 
controls. By contrast, unilateral adrenalectomy prior to mating and bilateral adrenalectomy on 
Day 7 of pregnancy failed to exert any significant effect on neither the ovaries nor the uteri on Day 
15. In rats with adrenocortical tissue reduced to a small piece prior to mating, the states of the 
ovaries and the uteri varied with the size of the fragments left in situ, being significantly affected only 
in females bearing the fragments below 20 mg in weight at autopsy. Therefore, the absence of or a 
decrease in adrenocortical tissue during early pregnancy seems to cause the derangements in the 
ovaries and the uteri in the operated rats. 

These findings also suggest that the reduction in number of fetal swellings in rats bilaterally adre- 
nalectomized prior to mating results from the uterine dysfunction caused by a decrease in the pro- 
duction of ovarian hormones supportive of implantation. A marked increase in fetal mortality in 
the bilaterally adrenalectomized pregnant rats is also accounted for by inadequate hormone supply 
from the ovaries of reduced size. The data from the present studies appear to suggest that adren- 
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alectomy interferes with implantation via the central nervous system regulating luteal function. 


INTRODUCTION 


In a variety of mammalian species, decidual 
transformation is a characteristic morphological 
change occurring in the endometrium during 
early pregnancy. In laboratory rodents, stromal 
cells undergo decidual cell reaction (DCR) in 
response to artificial stimuli, if the endometrium is 
in appropriately sensitized states as in the early 
pregnancy [1]. Previous studies in this laboratory 
revealed that, in rats, experimentally induced 
DCR was markedly enhanced by adrenalectomy 
and this effect was reversed by corticosterone 
administration following the operation [2]. These 
findings prompted the writer to investigate the 
possible involvement of adrenal glands in im- 
plantation. 
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MATERIALS AND METHODS 


Five groups of adult female rats of the T strain 
used in the present study were maintained in 
a temperature- and light-controlled room (22+ 
2°C, lights on from 0500 to 1900 hr). A standard 
laboratory peilet diet and tap water were available 
ad libitum. At the beginning of the experiment, 
the rats showed regular 4-day estrous cycles. 

Group | rats (n=8) were left intact, serving as 
normal controls. Groups 2 and 3 rats (n=I11 
and 9, respectively) were subjected to bilateral and 
unilateral adrenalectomy (BAX and UAX groups), 
respectively, under ether anesthesia on the day of 
the first vaginal estrus occurring after 60 days of 
age. In Group4 (n=14), rats were partially 
adrenalectomized, a small piece of the right 
adrenal being intentionally left in situ (adrenal 
fragmentation, AF group). Bilaterally adrenal- 
ectomized animals were maintained on 0.9% 
NaCl solution given as drinking water. The 
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control and adrenalectomized animals (including 
AF rats) were caged overnight with normal fertile 
males on the day of the first vaginal proestrus 
occurring after Day 60 of age or after the surgery. 
On the following day, mating was checked by the 
presence of vaginal plug (day of vaginal plug= 
Day 1 of pregnancy). All the rats with vaginal 
plugs were later found pregnant. Vaginal plugs 
shed by each female during the cohabitation with 
a male fell to the floor of the cage through a wire 
gauze set about 3 cm above the floor. The plugs 
were counted for each female at the end of the 
cohabitation period as an index of receptivity. 
Group 5 rats (n=8) with their adrenals intact were 
likewise mated with males and bilaterally adrenal- 
ectomized on Day 7 of pregnancy (AXP group). 

All rats were sacrificed on Day 15 of pregnancy. 
At autopsy, the numbers of embryonic swellings 
with normal and dead fetuses were counted sepa- 
rately. The uteri, ovaries, and adrenals were 
dissected out, weighed and fixed in Bouin’s solution 
for histological studies. AF group was_ sub- 
divided into two subgroups, one with fragments 
weighing below and the other bearing those over 
20 mg at autopsy (AF-I and AF -II groups). In 
each ovary, the number and size (maximum 
diameter) of corpora lutea of pregnancy were 
checked by serial sectioning. The data were 
analyzed by Student’s f-test. 


RESULTS 


Adrenalectomy prior to mating 


Vaginal smears revealed that adrenalectomy on 
the day of estrus delayed the beginning of the next 
estrous cycle from 1 to 3 days. All adrenalec- 
tomized rats, as well as the control rats with their 
adrenals intact, displayed a lordosis to males in 
the afternoon of proestrus. However, vaginal 
plugs counted on the following day were signifi- 
cantly reduced in number in two groups, rats 
without adrenals (BAX group) and those with 
adrenal fragments below 20mg in weight at 
autopsy (AF-I group), as compared with the con- 
trol group (Table 1). When sacrificed on Day 15 
of pregnancy, uterine weights were significantly 
smaller in BAX group than in the control. By 
contrast, the mean uterine weight in the unilaterally 
adrenalectomized rats (UAX group) was not 
different from that in the controls. In these 
animals, the adrenals left untouched had undergone 
a compensatory hypertrophy at autopsy, being 
approximately twice heavier than the contralateral 
ones removed at the beginning of the experiment 
(60.1 -+2.5 mg vs 31.7+0.91 mg, P<0.001). 

In rats bearing adrenal fragments, the uteri varied 
in weight with the size of the adrenal tissue left 
in situ. In 6 rats bearing fragments over 20 mg 
in weight (AF-II group), the uteri were similar to 
the controls both in weight and in number of 


TABLE 1. Effects of adrenalectomy on mating and conceptuses in rats 
Group Uterine Total no. of Rate of dead Adrenal No. of vaginal 
weight (g) fetal swellings fetuses (%) weight (mg) plugs/mated rat 
Control (8)* 9.22 +0.43** 11.4+0.4 6.4+2.0 58.3+1.3 3.8+0.3 
BAX (11) 5.10+0.92° 7.7+1.0° 41.4+12.1? — 2.7+0.2° 
UAX (9) Sl ae()) 55) 10.7+0.5 172-5. 1 60.1+2.5 2.9+0.4 
AF-I (8)*** 4.03 +0.90° Oss aell 2? 38.4+12.3° 12.8+1.6 2.6+0.3° 
AF-II (6) WAe se AG hae 278-1 3e9 34.0+1.3 2.8 +0.5 
AXP (8) 7.13091 11.4+0.4 27.8+10.2 — 3.40.3 


BAX, bilateral adrenalectomy; 
AXP, adrenalectomy after mating. 
* Number of rats are given in parentheses. 
** Mean-S.E. 


UAX, unilateral adrenalectomy; 


AF, adrenal fragmentation; 


*** AF group was subdivided into two subgroups, AF-I with fragments weighing below and AF-II 


over 20 mg at autopsy. 


Significance of differences from the control values, 


a: P<0.05, b: P<0.01. 
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TABLE 2. Effects of adrenalectomy on ovaries and corpora lutea of pregnancy in 


mated rats 

Group No. of Ovarian Corpora lutea 
rats weight (mg) number max. diam. (mm) 

Control 8 101.1+1.4* 18.0+-1.0 1.49 +-0.04 
BAX 11 84.5+4.7° 18.9+0.9 1.30-+0.07° 
UAX 9 106.9+2.4 19.6+0.3 1.43 +0.02 
AF-I 8 77.9+4.9° 19.7+0.5 1.30-+-0.03° 
AF-II 6 99.8+6.0 19.7+1.8 1.43 +0.06 
AXP 8 108.7+3.9 20.4+0.7 1.43 +0.02 
* Mean+sS.E. 
Significance of differences from the control values, a: P<0.05, b: P<0.01. 


embryonic swellings, while in 8 other rats with 
smaller fragments (AF-I group), like in BAX rats, 
uteri were smaller with a smaller number of 
swellings than in the controls. Fetal resorption 
was not uncommon in both the control and 
adrenalectomized groups. However, the rate of 
dead fetuses per pregnant female was significantly 
larger in BAX and AF-I groups than in the 
control group. The ovaries were also markedly 
reduced in weight in BAX and AF-I rats as com- 
pared with the control animals (Table 2). His- 
tological studies revealed that corpora lutea in 
the ovaries of BAX and AF-I rats were signifi- 
cantly smaller in size (max. diam.) than in the 
controls, although their number was approximately 
the same as in the controls. 


Adrenalectomy after mating 


On group of mated intact females (n=8) were 
bilaterally adrenalectomized on Day 7 of pregnancy 
(AXP group). Abortion was not elicited. Leu- 
cocytic vaginal smears continued until autopsy on 
Day 15 of pregnancy. In these animals, the uteri 
with fetal swellings and the ovaries with corpora 
lutea exhibited nothing different from the contols 
(Tables 1 and 2). 


DISCUSSION 


During overnight cohabitation of bilaterally 
adrenalectomized female rats with fertile males 
from the day of the first proestrus occurring 4 to 
6 days after operation, the females copulated in less 
frequently than the control females together with 


proven males, as indicated by counting vaginal 
plugs in the morning of the days of estrus, although 
all the mated females became pregnant. This is in 
good agreement with the findings of Nequin and 
Schwartz [3] but at variance with those of Jacobel 
and Rodgers [4] showing that adrenalectomy of 
female rats 3 weeks prior to mating did not affect 
the sexual receptivity. When sacrificed on Day 15 
of pregnancy, embryonic swellings were signifi- 
cantly smaller in number in the rats bilaterally 
adrenalectomized prior to mating than in the 
controls with their adrenals intact. Unilateral 
adrenalectomy and adrenal fragmentation prior to 
mating, and adrenalectomy on Day 7 of pregnancy, 
i.e. after attachment of blastocysts to the endo- 
metrium, indicate that the reduction in number of 
embryonic swellings might be ascribable to the 
lack of or a decrease in adrenocortical tissue during 
early pregnancy. 

Jacobel and Rodgers [4] reported that adrenal- 
ectomized rats exhibited a decrease in number of 
embryonic swellings in the uteri on Day 10 of 
pregnancy in consequence of a reduction in number 
of ova shed at the preceding ovulation as compared 
with the sham-operated females. In the present 
studies, however, since the number of corpora 
lutea counted in serial sections of the ovaries 
was not different from the rats adrenalectomized 
prior to mating and the controls, the reduction in 
number of embryonic swellings in the adrenal- 
ectomized rats might result from a decrease in 
number of successfully implanted ova rather than 
a reduction of ova ovulated. Ovulation of nor- 
mal number of ova following adrenalectomy was 
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also reported in prepuberal rats by Gorski and 
Lawton [5] and Macfarland and Mann [6]. 

In aged rodents, a fall in decidualizing ability of 
the uterus was reported to be, at least in part, 
responsible for the age-related decline of litter size 
[7-10]. However, as reported previously [2, 11], 
DCR in response to oil instillation following a 
treatment with exogenous ovarian hormones for 
endometrial sensitization was markedly increased 
by adrenalectomy in ovariectomized immature and 
adult rats. The adrenalectomized rats showing 
decreased number of embryonic swellings in- 
variably had smaller ovaries with smaller corpora 
lutea than the contols. Accordingly, the reduction 
in number of embryonic swellings in these rats may 
be accounted for by changes in concentrations and/ 
or ratio of circulating progestin and estrogen. 
Increased fetal resorption in the bilaterally 
adrenalectomized rats might also be explained on 
the same ground. The possibility cannot be 
ruled out, however, that the absence of gonadal 
steroids of adrenal origin is involved in this out- 
come. Evidence has been accumulated suggesting 
progesterone production from the adrenals [for 
reviews, see 12]. Recently, Macdonald and Matt 
[13] also demonstrated that the adrenal cortex 
contributes to the progesterone pool during 
pregnancy. 

On the basis of the findings that administration 
of corticosterone or indomethacin, an inhibitor of 
prostaglandin synthesis [14, 15], reversed the 
enhancing effect of adrenalectomy on artificially 
induced DCR, Ohta [2] suggested that the adrenals 
are involved in regulation of DCR by impairing 
uterine prostaglandin production. In pregnant 
rats adrenalectomized prior to mating, DCR in 
response to blastocyst stimuli was smaller than in 
the control animals. This impairment of the 
enhancing effect of adrenalectomy may also be due 
to changes in the production of ovarian hormones 
which was of primary importance in supporting 
DCR. However, another possibility is that the 
decrease in circulating mineralocorticoids may be 
involved in the increased fetal resorption in 
bilaterally adrenalectomized rats, since Watanabe 
et al. [16, 17] reported that, in pregnant women, 
the secretion of aldosterone was elevated, but when 
fetal death ensued, there was a concomitant drop 


in aldosterone secretion. 

The factors responsible for the reduction in size 
of corpora lutea of pregnancy in the adrenal- 
ectomized rats are probably the lowered titer of 
luteotropic hormones. In the rat, the pituitary 
luteotropic complex during early pregnancy mainly 
consists of prolactin and LH [18]. van der Schoot 
and de Greef [19] reported that adrenalectomy 
markedly reduced plasma concentrations of pro- 
lactin in lactating rats, suggesting the possible 
involvement of adrenal glands in the luteotrepic 
processes probably through the neuroendocrine 
reflex. The data from the present studies appear to 
show that adrenalectomy interferes with im- 
plantation via the central nervous system regulating 
luteal function. Studies on the effects of admin- 
istrdtions of adrenocortical hormones and pro- 
gestin on implantation in adrenalectomized rats 
are now under way. 
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Sexual Behavior Elicited by Electrical Stimulation of the 
Telencephalic and Preoptic Areas in the Goldfish, 
Carassius auratus 


YOSHIMASA KoyYAMA!, MASAHIKO SATOU and KAzUO UEDA 


Zoological Institute, Faculty of Science, University of Tokyo, 
Tokyo 113, Japan 


ABSTRACT — The effects of the electrical stimulation of the telencephalic and preoptic areas on 
sexual behavior and gamete release in the goldfish were examined to localize the brain areas involved 


in the control of sexual behavior. 


A sequence of sexual-behavior patterns identical to those oc- 


curring naturally could be evoked in freely swimming goldfish by electrical stimuli applied to several 
loci in the ventral telencephalic and preoptic areas, i.e., the area ventralis telencephali pars supracom- 
missuralis— the posterior part of the pars ventralis (Vs-pVv) and the nucleus preopticus periventricularis 


(NPP). 


Under anesthesia, gamete release was confirmed to be evoked by the stimulation of some of 


these areas. These results suggest that both the ventral telencephalic area and the preoptic area play 
facilitatory roles in the control of sexual behavior and gamete release. 


INTRODUCTION 


It has been shown by localized lesion experiments 
in teleosts that the ventral telencephalic [1, 2], 
or the preoptic [3] area is involved in the sexual 
behavior. We have shown previously that goldfish 
sexual behavior is severely impaired after localized 
lesions either in the ventral telencephalic area or 
in the preoptic area [4]. Comparable results 
have been obtained from similar lesioning experi- 
ments in the himé salmon (landlocked red salmon, 
Oncorhynchus nerka) [5]. In addition, electrical 
stimuli applied to specific regions in the telence- 
phalic or the preoptic area elicit a variety of 
sexual behaviors in the sunfish [6] and the himé 
salmon [5, 7]. From these results, it has been 
hypothesized that the telencephalic and preoptic 
areas play facilitatory roles in the control of sexual 
behavior in these fish [8, 9]. Since the mutually 
complementary combination of electrical brain- 
stimulation and brain-lesion techniques is a useful 
tool for the study of the functions of the brain 
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regions concerned, it is necessary to conduct 
brain-stimulation experiments in the goldfish to 
check the above-mentioned hypothesis further. 

Accordingly, we examined the effects of the 
electrical stimulation of the telencephalic and 
preoptic areas on sexual behavior and gamete 
release in the goldfish. It will be shown that 
various sexual-behavior patterns could be elicited 
by electrical stimulation of these areas. 


MATERIALS AND METHODS 


Forty-three male, 21-43 g in body weight (b.w.), 
and 33 female goldfish, 26-55 g in b.w., were 
used. The experimental conditions were basically 
similar to those described previously [1, 2, 4, 10]. 
In the stimulation experiments of the males, 
spermiated males showing milt release in response 
to gentle pressure on the abdomen were selected. 
They were moved from the home aquaria (11 --2°C) 
to aquaria at 20+-1°C and were kept there for one 
to five days before the experiments. By this 
procedure, most of the males performed weak 
“following” (see below) when paired with sexually 
receptive females. Only the males which per- 
formed the “following” to the females at least 
once during a 5-min observation period were 
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used. To obtain sexually receptive females, 
unovulated females were injected intraperitoneally 
with 200 ng/g b.w. of prostaglandin F2., 10 min 
before the observations [11]. In the stimulation 
experiments of the females, ovulated females 
treated with human chorionic gonadotropin 
(HCG) (10 IU/g b.w.) were used [4, 10]. Males 
showing vigorous courtship behavior after HCG 
injection (3 IU/g b.w.) were used as partners. 
The experiments were carried out throughout 
the year. No significant seasonal fluctuation was 
found in the results. 

A stainless steel electrode, insulated except for 
the tip (tip length: 50-100 ym), was implanted 
unilaterally into the brain of the fish under an 
anesthesia of 0.03% tricaine methanesulfonate 
(MS-222). One to five days after the implantation, 
cathodal rectangular train pulses (pulse width: 
0.5 msec; frequency: 10-200 Hz) of various inten- 
sities were delivered for 1 sec to freely swimming 
fish through chronically implanted electrodes. 
The inter-stimulus intervals were more than 
1min. Thirty stimuli or more were delivered 
to each fish. A copper plate placed in the aquar- 
ium was used as an anodal electrode. A total of 
39 males and 4 females were stimulated. The 
gonadosomatic index was 1.9-5.8 for the stimulated 
males and 9.1-20.2 for the stimulated females, 
respectively. 

The present terminology of behavior patterns 
(i.e., “following”, “butting”, and ‘‘spawning’’) 
has been described previously [1, 2, 4,12]. Any 
pattern of sexual behavior, which appeared at 
significantly (P<0.003 by the 3-sigma method 
[13]) shorter intervals (i.e., latencies from the onset 
of the stimulus) than the mean intervals of the 
respective spontaneous sexual-behavior pattern 
observed during the 30-sec period before the 
stimulus, was interpreted as _ stimulus-evoked 
behavior. Near the threshold level, the stimuli 
were applied more than 5 times at one intensity. 
The stimulus intensities which evoked certain 
sexual behavior patterns more than 60% of the 
trials were defined as the threshold intensities. 

After each experiment, gamete release was 
checked in both males and females by applying 
electrical stimuli through the same electrodes. 
Since it was difficult to confirm the sperm release 
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in the freely swimming condition, the stimuli 
were delivered to the fish positioned upside-dwon 
in a holder under anesthesia (0.03 2% MS-222). 

The sites of stimulation were examined in the 
frontal sections 10 4m thick of the brain by 
means of the Prussian-blue method. 


RESULTS 


A sequence of sexual behavior patterns peculiar 
to either sex was evoked in a natural order by the 
application of electrical stimuli (less than 100 A) 
to the ventral telencephalic and preoptic areas in 
the male as well as in the female. The most 
effective frequencies of stimulation were 50 Hz 
for the ventral telencephalic area and 100 Hz for 
the preoptic area. Therefore, stimuli of the most 
effective frequencies were applied to these two 
areas. 

In the male goldfish, which was not performing 
any sexual behavior at the time of stimulation 
(see below), “‘following’’? was evoked, when the 
partner female was in front of it, within a few 
seconds after the stimuli (15-80 wA) delivered to 
the area ventralis telencephali pars supracommis- 
suralis (Vs)/the posterior part of the pars ventralis 
(pVv) (5 of 10 fish) or the nucleus preopticus 
periventricularis (NPP) (10 of 12 fish). It con- 
tinued for 3 to 15 sec. In some of these fish 
(2 Vs—pVv-stimulated fish, 6 NPP-stimulated 
fish), ‘“‘butting’ and/or ‘“‘spawning’’ were/was 
further elicited generally within several seconds 
as the stimulus intensity was increased to 35- 
100 vA. In many cases, “butting” was evoked 
once to three times, while ‘“‘spawning”’ was evoked 
only once by each stimulus. In the case of 
electrically evoked “spawning” in the male, 
it always occurred with the female “‘spawning’’, 
which was released by the male courting (“‘fol- 
lowing’, “‘butting’’). Figure 1 (A—C) shows ex- 
amples of the results at the levels of A120 and 
P240. The probability of the occurrence of each 
sexual behavior pattern, i.e., the ratio of the 
occurrence of the evoked behavior pattern to the 
trial numbers, was increased as the stimulus 
intensity was increased. When the male was 
following the female, the threshold stimulus for 
eliciting “‘butting’’ or “‘spawning”’ was generally a 
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Fic. 1. Stimulation sites drawn in frontal sections of the brain where specific patterns of sexual 
behavior (‘‘following”’ (A), ‘“‘butting’’ (B), and ‘‘spawning”’ (C)) and “‘sperm release’’ (D) 
were elicited in the male goldfish. Levels of sections from the anterior tip of the NPP are 
shown in the upper right (A120 indicates the level 120 um anterior to the anterior tip of 
the NPP, while P240 indicates the level 240 um posterior to it.). Symbols in the lower 
right indicate threshold currents for evoking each sexual behavior. Dc: area dorsalis 
telencephali pars centralis, LLFB: lateral forebrain bundle, MFB: medial forebrain 
bundle, NPP: nucleus preopticus periventricularis, Vd: area ventralis telencephali 
pars dorsalis, Wp: area ventralis telencephali pars postcommissuralis, Vs: area 
ventralis telencephali pars supracommissuralis, Vv: area ventralis telencephali pars 
ventralis. 
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little lower than that delivered when the male was 
not performing any sexual behavior. 

Electrical stimuli of 10-200 Hz and of 80 wA or 
less did not elicit any sexual behavior when they 
were delivered to other parts of the telencephalic 
and preoptic areas, e.g., ventral to Vv (2 fish), 
De (2 fish), Vd (3 fish), Vp (2 fish), the forebrain 
bundles and their surrounding areas (5 fish), 
and the NPO (3 fish). In these fish, nonsexual 
behavior, such as forward swimming not directed 
to the partner female, backward swimming, or 
turning to the stimulated side was consistently 
elicited by stimuli of less than 80 vA. However, 
no significant correlation was found between the 
stimulated sites and the evoked behavior. 
Feeding-like behavior (pecking the gravel on the 
bottom with the head pointed down) was elicited 
by stimuli of less than 100 vA to the Vd (2 of 
3 fish). 

Under restrained conditions, sperm release 
was evoked by stimuli of less than 400 A delivered 
to the Vv (5 of 7 fish), ventral to the Vv (1 of 2 
fish), the NPP (5 of 7 fish), the forebrain bundles 
and their surrounding areas (1 of 5 fish), and the 
NPO (1 of 3 fish). In some of these fish, weaker 
stimuli (less than 100 A) were effective in releasing 
sperm when they were delivered to the Vv (2 fish) 
or NPP (1 fish) (Fig. 1D). 

In the female goldfish, stimuli of less than 
90 vA applied to the Vv (2 of 2 fish) or NPP 
(2 of 2 fish) elicited ‘“‘spawning’”’ when the partner 
male followed the female and both of them entered 
into the floating plants. In these cases, “‘ovipo- 
sition’’ was always accompanied. The probability 
of the occurrence of the “‘spawning”’ increased as 
the stimulus intensity was increased. Under 
restrained conditions, eggs were released from all 
of these females by stimuli of less than 90 pA. 


DISCUSSION 


The present experiments have shown that 
each pattern of sexual behavior is evoked at 
significantly shorter latency (within several seconds 
in most cases) by weak electrical stimuli (less than 
100 A) applied to the Vs-pVv or the NPP, 
indicating that such behavior pattern is electrically- 
elicited one rather than spontaneous one. This 


conclusion is further supported by the fact that 
the probability of the occurrence of sexual-behavior 
patterns increased as the stimulus intensity was 
increased. Since the probability of the occurrence 
of the male “spawning” also increased as the 
stimulus intensity was increased, the male 
“spawning” is likely to depend on the stimulus 
rather than on the female behavior. There 
remained another possibility, however, that the 
electrical stimuli applied to the male indirectly 
elicited the male “‘spawning’’ via the male-female 
reaction chain. Moreover, it should be noted 
that, in the cases which failed to elicit ““spawning”’ 
in the male, the partner female initiated almost no 
“spawning” attempts. Therefore, the negative 
male ‘“‘spawning’ does not necessarily mean 
ineffectiveness of the stimuli. In some cases, 
gamete release was also evoked by electrical 
stimuli applied to the Vs-pVv or the NPP [14]. 
These results suggest that the Vs-pVv and the 
NPP play facilitatory roles in the control of sexual 
behavior in the goldfish. These results are in 
agreement with those from the brain-stimulation 
experiments in the himé salmon [5, 7]. They 
are also complementary to those obtained from 
the brain-lesion experiments in the goldfish [1, 2, 4] 
and the himé salmon [5]. The consistency of the 
results obtained from two phylogenetically different 
fish suggests that basically similar neural 
mechanisms govern sexual behavior in these fish. 
The sexual behavior of the male goldfish is 
facilitated by the pheromones released from the 
females [12]. The sectioning of the medial 
olfactory tract (MOT) reduces the courtship 
behavior in the male goldfish [15]. The activation 
of MOT including nervus terminalis (NT) exerts 
sperm release [16]. The ventral portions of the 
telencephalic area receive inputs from the olfactory 
bulb (mainly from its medial portion) [17, 18] 
and the NT [19,20]. Therefore, it may be 
suggested that some facilitatory influences conveyed 
through the medial olfactory system [17, 21] 
and/or the NT system are involved in the control 
of male sexual behavior. Sexual behavior gen- 
erally depends upon the sex steroids in a variety 
of fish [9, 22]. In the ventral telencephalic and 
preoptic areas, there are steroid-concentrating 
neurons [23, 24]. Thus, it has been proposed 
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that these steroid-concentrating areas mediate 
hormonal effects on the facilitation of sexual 
behavior in the teleosts [9, 25]. Therefore, it 
seems likely that the ventral telencephalic and 
preoptic areas are the higher neural centers which 
integrate the external and internal factors involved 
in the control of teleost sexual behavior. 
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Two Types of Hemocytes, Granular Amebocytes and Spherule 
Cells, in a Pycnogonid, Propallene longiceps' 
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Institute of Biological Sciences, University of Tsukuba, Sakura-mura, 
Ibaraki 305, and*Ocean Research Institute, University of 
Tokyo, l-15—1 Minami-dai, Nakano-ku, Tokyo 164, Japan 


ABSTRACT — Two types of hemocytes, granular amebocytes and spherule cells, were identified 
in an adult sea spider (Pycnogonida), Propallene longiceps, and their morphological and histochemical 
characteristics were determined. Granular amebocytes contain electron dense granules and vacuoles. 
This type of the cell contains Golgi complex, mitochondria, and endoplasmic reticulum and shows 
some myelin figures in the cytoplasm. The granular amebocytes are not well stained supravitally. 
Spherule cells are filled with large spherical inclusions containing electron dense granule cores, but 
no other remarkable cytoplasmic inclusions. They are stained well by supravital staining. By 
observing living hemocytes stained supravitally, a large number of spherule cells were located in the 
ventral hemocoel, just beneath the midgut of the digestive tract, whereas granular amebocytes were 
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observed abundantly in haemal channels of any tissue. 


discussed. 


INTRODUCTION 


Information on hemocytes of chelicerates in- 
cluding horseshoe crabs [1-8] and spiders [9-12] 
has been accumulated. However, little is known 
about hemocytes of pycnogonids or sea spiders 
which are considered to be related to chelicerates 
[13, 14]. The purpose of this study is to investigate 
hemocytes in pycnogonids morphologically and 
histochemically, and compare the characteristics 
with other chelicerates or other groups of Arthro- 
poda, so that we may get some information on 
their relationships. We report in the present paper 
the morphological characterization and classifi- 
cation of the hemocytes of Propallene longiceps. 

Two types of hemocytes, granular amebocytes 
and spherule cells, were observed and charac- 
terized by phase contrast, Nomarski interference, 
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The function of these cells in vivo was 


and electron microscopy, with cytological and 
histochemical staining techniques. 


MATERIALS AND METHODS 


Adult pycnogonids, 
both sexes were commonly found in the Nabeta 
Bay near the Shimoda Marine Research Center, 
the University of Tsukuba (Shimoda, Shizuoka- 
ken, Japan), and collected by a specially designed 
net [15, 16]. A living animal of about 12 mm in 
body length was examined by a phase contrast or 
Nomarski interference optics at 320 magni- 
fication to observe the hemocytes in circulation. 
Because the body wall of the animal is very trans- 
lucent, there was no difficulty for the observation 
of the hemocytes. 

Supravital staining with neutral red or Nile 
blue allowed easy examination of the hemocytes 
in vivo and was performed as follows: the animals 


Propallene longiceps, of 


were placed in 1% aqueous neutral red or 1% 


aqueous Nile blue stock solution diluted 100-fold 
with sea water for 10-12 hr at room temperature. 
The stained animal was placed on a glass slide 
and covered with a coverslip. The sea water was 
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added at the margin of the coverslip, and the animal 
was examined by bright field, phase contrast, or 
Nomarski interference optics. For further analysis 
of fine morphological features of living hemocytes, 
the animal was bled on a glass slide by cutting off 
a walking leg at the coxa, and the hemocytes in 
the blood were examined as described above. 

For cytological and histological observations, 
the specimens were fixed in Bouin’s fluid without 
acetic acid. Acetic acid was eliminated because it 
caused the loss of granular contents in the hemo- 
cytes. Helly’s fixative is also recommended. 
They were embedded in paraplast (A. Brunwick 
Co., St. Louis, Mo., USA) by routine methods and 
sections were made at 5 ym in thickness and stained 
with the following cytological and histochemical 
techniques: (1) Mallory’s triple staining [17], (2) 
mercuric bromophenol blue [18], (3) Feulgen reac- 
tion [17, 19], (4) PIA-Schiff (PAS) reaction [20, 21], 
(5) dimedon-PAS [17, 22], (6) fast green, pH 3.4 
and pH 8.0 [19, 21], (8) alcian blue [17], (9) sudan 
black B [17, 19], (10) Nile blue, 1% aqueous 
solution [17]. 

For electron microscopic observation the whole 
adult animals were placed directly into a cold 
fixative composed of 1% glutaraldehyde buffered 
at pH 7.4 with 0.1 M phosphate containing 3.5% 
formalin, 3.5% sucrose, and 3% NaCl [5]. This 
fixative gave good results for preservation of hemo- 
cyte fine structure and especially for the spherules 
in spherule cells as compared with those fixatives 
buffered with 0.1 M sodium cacodylate [23] or 


0.1 M s-collidine [24]. After fixation for 15 min, 
the specimens were dissected in the fixative and a 
part of the trunk of the body was further cut into 
small pieces. The small pieces were placed again 
into fresh fixative and further incubated for 90 min 
at 4°C. Tissues were washed in several changes of 
buffered 3.5% sucrose solution (pH 7.4) containing 
3% NaCl for 6 hr at 4°C, and then, immediately 
fixed with 2% osmium tetraoxide in distilled water. 
The blocks were dehydrated in a graded series of 
ethanol followed by several rinses with propylene 
oxide. After dehydration, the samples were 
embedded in Epon 812 [25]. Thin sections were 
stained with alcoholic uranyl acetate [26] and lead 
citrate [27] for examination with a Hitach Model 
HS-9 electron microscope. 


RESULTS 


Two types of hemocytes were identified in 
a pycnogonid, Propallene longiceps. They are 
granular amebocytes and spherule cells. The cell 
types can be easily distinguished by the methods 
used here. When the animals were stained 
supravitally, spherule cells were stained well, but 
granular amebocytes were not. However, long 
term incubation of the animal in a dye, or with a 
higher concentration of the dye, stained the 
vacuoles of granular amebocytes. 


Granular amebocytes 


The cells of this type are mostly spindle-shaped 


Fic. 1. 


interference optics. Scale bar: 20 ym. 


Living granular amebocytes and spherule cells in the femur of the walking leg. 
shaped granular amebocytes (GA) and four round-shaped spherule cells (SP) are seen. 
x 230. 


Many spindle- 
Nomarski 


Fic. 2. Phase contrast micrograph of two kind hemocytes on wet thin film. Four granular amebocytes 


(GA) are spreading their pseudopodia, while two spherule cells (SP) are stable. 


x 230. 


Scale bar: 20 ym. 


Fics. 3 and 4. Nomarski interference micrographs of living granular amebocytes with two kind of 


pseudopodia. 
Scale bar: 20 ym. 
Fic. 5. 


x 230. 


Nomarski interference micrograph of spherule cells. 
cytoplasm and the nucleus can not be observed. Scale bar: 10 pm. 
Fic. 6. Thick plastic section of spherule cells stained with toluidine blue. 


Filiform extensions (Fig. 3) and lobes of cytoplasm supporting filopodia (Fig. 4). 


The prominent spherules distend the 
x 576. 
The spherules (S-I) were 


stained faintly, while the granule cores (S-II) in the spherules were deeply stained. The relatively 


small nucleus (N) was centrally located in the cell. 


Fic. 7. 


amebocytes. Scale bar: 20 ym. 230. 


Scale bar:5 um. X576. 


Fibrin-like strands to which many granules cling. These granules released from the granular 


Fic. 8. Zone of flocculated hemolymph containing peripheral region of related granules. Scale bar: 


10 ym. 230. 
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or ellipsoidal when in circulation (Fig. 1) and their 
size is about 8-25 ym in length. In paraffin 
section these cells are round-shaped and _ their 
size is 5-18 vm in length with a nucleus of 3-5 ~m 
in diameter. When allowed to settle onto a glass 
slide (Fig. 2), the granular amebocytes expand 
rapidly into flattened form with filiform extensions 
(Fig. 3) or with lobes of cytoplasm supporting 
filopodia (Fig. 4). Granular amebocytes contain 
a variety of inclusions. Many fine electron dense 
granules (0.4-1.0 “m in diameter) and a few large 


vacuoles (0.5—2.5 ~m in diameter) can be usually 
observed (Figs.9 and 10). The fine granules 
observed in Nomarski interference optics (Figs. 3 
and 4) correspond to the electron dense granules 
in the same size range (Figs. 9 and 10). They are 
bound by a unit membrane (Fig. 15). Supravital 


staining and electron microscopy demonstrated the 
presence of a few large vacuoles, ranging in 
density from nearly translucent (Fig. 9) to moderate 
electron density with scattered flocculent materials 
(Fig. 11). 


However, the vacuoles are difficult to 
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Fics. 9 and 10. Electron micrograph of spindle-shaped granular amebocytes. The cytoplasm contains 
many electron dense granules (G), vacuoles (V), mitochondria (M), and nucleus (N). Pseudopodia (P) 
are also seen. Scale bar:1 ym. 2100. 

Fics. 11-17. Portions of the cytoplasmic inclusions of granular amebocytes. A vacuole containing 
dark flocculated materials (Fig. 11, 3,500), three stages of myelin figures (Fig. 12, x 35,000; 
Fig. 13, x 14,000; Fig. 14, x 14,000), a part of granule with a unit membrane (Fig. 15, 35,000), 
Golgi complex (Fig. 16, 35,000), and rough endoplasmic reticulum (Fig. 17, 35,000). Scale 
bars: 0.5 ym in Fig. 11 and 0.2 wm in Figs. 12-17. 
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Fics. 18 and 19. Electron micrographs of large and mature spherule cells. The cytoplasm contains 
packed spherules (S—I) in which electron dense granule cores (S—II) were observed. Scale bar: 
2pm. X2,100. 

Fics. 20 and 21. Parts of the cytoplasm of spherule cells. In membrane-bound spherules (S—I), dark 
flocculated materials, heterogenous in electron density, are observed (Fig. 20). The cytoplasm is 
compressed by packed spherules and a thin cytoplasmic matrix was observed (Fig. 21). Scale bar: 
lum. 4,900. 

Fics. 22 and 23. Electron micrographs of small and young spherule cells. A relatively large nucleus 
(N) is observed and many spherules (S—I) with electron dense granule cores (S—II) are seen. Scale 
bar: 2 wm in Fig. 22, «3,500, and 0.5 um in Fig. 23, 7,000. 
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observe in living cells (Figs. 1, 3 and 4). 

As for other types of inclusions in this cell type, 
the cytoplasm contains many mitochondria (Fig. 
9), a few Golgi cisternae in the vicinity of which 
are several small electron dense granules (Fig. 16), 
and enlarged cisternae of the rough endoplasmic 
reticulum, in which flocculent material has ac- 
cumulated (Fig. 17). Some myelin figures were 
also found (Figs. 12, 13, and 14). Figure 13 
shows the initial process of the formation of myelin 
figures. Figure 14 shows the filamentous struc- 
ture of myelin figures in degeneration. 

Cytological and histochemical characterization 
of the granular amebocytes is summarized in 
Table 1, indicating that neutral protein or 
mucoglycoprotein was detected both in fine 
granules and in large vacuoles. 

Granular amebocytes are fragile in vitro and 
rapidly release their cytoplasmic inclusions in wet 
preparations (Fig. 2). The granules released from 
hemocytes cling to the fibrin-like strand (Fig. 7). 
On the other hand, in the same preparation, we 
often observed the zone of coagulated material 
which is formed only around the granular ame- 
bocytes (Fig. 8). 


Spherule cells 


These hemocytes are the largest cells and are 
usually spherical or ellipsoidal with a length 
ranging 15-30 um (Fig. 1). The nuclei of the 
smaller cells which may be young or immature are 
centrally situated and about 6 wm in diameter. 
The nuclei of the large, possibly mature cells are 
eccentric and the sizes were usually small, about 
5 wm in diameter (Fig. 5). Pseudopods were not 
detected in the living cells either in tissues (Fig. 1) 
or in thin films (Figs. 2 and 5). Spherule cells are 
highly stable in vitro. 

The main distinguishing characteristic of the 
spherule cell is the presence of many large spherical 
inclusions (spherules) (Figs. 5, 6, 18, and 19). 
They are usually ovoid or spindle-shaped in form 
and about 1-3 um in diameter. The spherules in 
the living cells are highly refractile (Fig. 2) and 
stained slightly with supravital staining dyes. 
With electron microscopy, the spherule cells are 
shown to have the cytoplasm almost completely 
filled with large spherules which contain flocculated 
material of moderate electron density (Fig. 20). 
In these cells, we can often detect that the spherule 
carries an electron dense granule, which is termed 
the dense granule core [28] or the pupil-like body 
[29] (Figs. 18 and 19). The dense granule core is 


TABLE 1. Reactions of hemocytes to cytological and histochemical tests 
ee Granular amebocytes Spherule cells 
G V Cyt. N S-I S-Il Cyt. N 
Mallory’s triple staining 2 1 0-1 D, 1-2 2-3 0 2, 
Mercuric bromophenol blue 3 1 U-0 y 1 1 0 2 
Feulgen reaction 0 0 0 2 0 0 0 2 
PAS 3 1 0 0 0 0 0 0 
Dimedon-PAS ) 0 0 0 0 0 0 0 
Fast green pH 3.4 1 1 U 0 1 1-2 0 0 
pH 8.0 1 1 U 0 1 1-2 0 0 
Toluidine blue pH 3.4 0 0 0 2 0 0 0 D 
pH 8.0 1 1 0 2 0 0 2 2 
Alcian blue 0 0 0 0 0 0 0 0 
Nile blue 1 1 ] 1 0 0 1 1 
Sudan black B U-0 U-0 U-0 0 U-0 U-0 U-0 0 
Strength of reactions are graded by 0-3 scales: 0, negative; 1, weakly positive; 2, moderately 


3, strongly positive; 
S-I, spherules; 


positive; 
V, vacuoles; 


U, uncertain reaction. 
S-II, dense granule core in S-I; 


G, fine granules; 
Cyt, cytoplasm. 


Abbreviations: 
N, nucleus; 


Hemocytes in a Sea Spider 577 


U.He SA) 


L.He 


Oh a 


Fic. 24. Micrograph of the body trunk of the sea spider, Propallene longiceps. A \arge number of 
spherule cells (SP) are observed around the digestive tract near ganglion. The specimen was 
stained supravitally with neutral red. Scale bar:0.2mm. 148. 

Fics. 25-27. Drawings of paraffin sections. A longitudinal (Fig. 25) and two transverse sections 
(Figs. 26 and 27) are shown. The small closed circles represent spherule cells. No granular 
amebocytes are illustrated. 


Abbreviations used in Figs. 1-27. CE: Cecum, EG: Egg, E: Eye, G: Granule, GA: 
Granular amebocyte, GAN: Ganglion, H: Heart, I: Intestine, L. HE: Lower hemocoel, 
M: Mitochondria, N: Nucleus, P: Pseudopodium, SP: Spherule cell, S—I: Spherule, S-II: 
Dense granule core in spherule, U. HE: Upper hemocoel, V: Vacuole, 1L-4L: Ist walking 
leg—4th walking leg. 
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about 0.8 wm in diameter (Figs. 18 and 19). 

The organella, such as Golgi complex, endo- 
plasmic reticulum, and mitochondria, can hardly 
be detected in the large and mature cells (Figs. 19 
and 21) or in the small and young cells (Figs. 22 
and 23). In most spherule cells, the spherules 
account for more than 90% of the cytoplasmic 
volume and the cytoplasmic matrix .is minimal 
(Figs. 20, 21, and 23). 

Cytological and histochmical staining revealed 
neutral protein or mucoglycoprotein in both spher- 
ules and dense granule cores (Table 1). The dense 
granule cores were usually more deeply stained 
than the spherules by Mallory’s triple staining, 
fast green at either low or high pH, and PAS. Both 
spherical inclusions were not stained with either 
toluidine blue (pH 8.0) or Nile blue, while the 
thin cyto plasmic matrix stained by either dye. 


Distribution of hemocytes in vivo 


As shown in Figures 1 and 24, we can easily 
observe living hemocytes in vivo under a light 
microscope at 320 magnification. It is clear 
that a large number of spherule cells are located in 
the trunk of the body from the posterior end of the 
cylindrical proboscis to the fourth cylindrical 
segment. In longitudinal (Fig. 25) and transverse 
sections (Figs. 26 and 27), the spherule cells are 
mainly observed in the ventral portion of the 
hemocoel which is divided throughout the body 
into upper and lower portions by a horizontal 
membrane. In other words, the spherule cells 
appeared to be firmly attached on the ventral 
part of intestinal portion of digestive tract. This 
location is not a hemopoietic organ or tissue, 
because we have found neither mitotic figures nor 
stem cell-like spherule cells in paraffin sections. 
Except for the above mentioned area, we could 
not find many additional spherule cells through 
the body. 

Granular amebocytes, on the contrary, are 
broadly distributed in all the haemal channels of 
the tissues. Figure 2 shows that the typical 
spindle-shaped granular amebocytes are observed 
in femur of the walking leg. The number of these 
cells was extremely larger than that of the spherule 
cells in haemal channels except in the ventral 
portion of hemocoel, just beneath the midgut of 


digestive tract. 


DISCUSSION 


Despite the many early works [30-32], the 
evolutionary affinities of sea spiders are uncertain. 
Munilla and De Haro [33] first biochemically 
examined the phyletic relationships among nine 
species of sea spiders belonging to seven families 
based on electrophoretical and immunological 
analyses of protein components of the body. They 
concluded that the Callipallenidae is more highly 
evolved family in the sea spiders. Propallene 
longiceps used in the present study also belongs to 
the family of Callipallenidae. — 

Two hemocyte types, granular amebocytes and 
spherule cells, were very distinguishable from one 
another by the several methods employed in this 
study. The terminology for these hemocytes is 
based on the works of Jones [34] and Ruddell [35]. 
Granular amebocytes are defined as the hemocytes 
showing cytoplasmic extensions and containing 
many fine electron dense granules and vacuoles 
which rapidly detrated when they were cultured in 
vitro. They bear resemblance to the hemocytes of 
other arthropods termed granular hemocytes in 
chelicerates [36], granulocytes in crustaceans [37], 
and adipohemocytes, cystocytes, or granular 
leucocytes in insects [38]. This type of the cell is 
very common in the hemolymph of other inver- 
tebrate phyla and a large number of reports des- 
cribing similar cells in other invertebrates have 
appeared [38, 39]. Therefore, this cell type seems 
to be an essential hemocyte in the hemolymph of 
invertebrates in general and it is difficult to deduce 
phylogenetic relationship based on only the mor- 
phological differences and distribution of this cell 
type. 

On the other hand, spherule cells are not so 
widely distributed in invertebrate hemolymph. To 
date, in arthropods, they have been found in 
onychophora and myriapods [40-43], crustaceans 
[37, 44] and insects [34, 38], but there is no report 
on spherule cells in the chelicerate hemolymph 
including horseshoe crabs [8, 45], and spiders 
[11, 12, 36]. Although Ravindranath reported the 
presence of spherule cells in the hemolymph of the 
scorpions, a group of the chelicerates [46], it should 
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require further studies with the electron micro- 
scope for the conclusion. The spherule cells in 
Propallene longiceps resemble the spherule cells of 
insect hemocytes previously reported based on 
similarities in their ultrastructural and histochem- 
ical characteristics [28, 29]. If one postulates upon 
probable relationships among the animals by the 
variety of the hemocyte types, our general impres- 
sion on the two types of hemocytes in the sea spider 
is that Pycnogonida is rather distantly related to 
the groups of chelicerates. 

In early work of Dawson, it was reported that 
Anoplodactylus lentus, which belongs to the Family 
Phoxichilidiidae, has colored corpuscles in the 
hemolymph [47]. This is the only reference on 
the hemocytes of sea spiders. Considering the 
numerous works on spherule cells in invertebrate 
hemolymph [38, 48-50], the colored corpuscles of 
Anoplodactylus lentus seem to be the sphrule cells 
described in this study. 

The existence of a clotting factor present in 
granular hemocytes of horseshoe crabs has been 
reported [6, 7, 51]. Fibrin-like meshworks and is- 
lands of coagulation shaw in Figures 7 and 8 
suggest the presence of a coagulation process in sea 
spiders supporting the works of Tait [52], Grégoire 
and Florkin [53], and Hardy [54]. A search for a 
clotting factor in sea spiders is a future objective. 
Granular leucocytes in many invertebrates are 
known to be phagocytic [55, 56]. It is possible 
that the granular amebocytes of sea spiders are 
phagocytes because the myelin figures were ob- 
served in them. The in vitro experiment for the 
phagocytosis was difficult because the cells were 
fragile. 

In contrast to granular amebocytes, the function 
of spherule cells is uncertain. In this study a 
large number of spherule cells were observed closely 
associated with ventral parts of the midgut of the 
intestine, which are limited by septal membranes. 
These observations suggest that possibly the 
spherule cells are involved in nutrient and/or 
transport in these animals. Many spherical cells 
were found in the intestine lumen detached from 
the inner-wall of the digestive tract and circulating 
there by the contractions of the intestine caeca. 
These cells are very similar to the spherule cells 
both in size and in morphological features, but 


differ in their staining characteristics. Nile blue 
is the best dye for this staining. Because the 
lack of hepatopancreatic tissues or organs in sea 
spiders, it is possible that these cells may play a 
part in nutrient transport. It is likely that the 
detached ceils may circulate in the intestine lumens 
and the spherule cells in haemal channels. Fur- 
ther studies are required. 

There was no intermediate type of hemocytes 
between granular amebocytes and spherule cells. 
As pointed out by Rowley and Ratcleffe, the 
spherule cells may have originated from different 
developmental cell lines than the granular ame- 
bocytes [38]. 
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tapetis, in a New Host, Hiatella orientalis 
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ABSTRACT — Bivalve-infesting immature pycnogonida Nymphonella tapetis was discovered in a 


new host, Hiatella orientalis, from the Pacific coast of northern Japan. 


The parasitic rate was only 


1.1 percent and the assumption of host size selection by pycnogonid at infestation was rejected on the 


basis of the data obtained on infested host size. 
ing season is early spring. 


This species shows isometrical growth and its infest- 
In the previous reports, immature specimens of the same species were 


found in three infaunal bivalves, Ruditapes philippinarum, Protothaca jedoensis, and Theora fragilis. 
The discovery of the new host, Hiatella orientalis which has an epifaunal mode of life, suggests the 
existence of other potential host bivalves for Nymphonella tapetis. 


INTRODUCTION 


Nearly sixty years ago, Ohshima discovered an 
aberrant species of immature pycnogonida in- 
festing Ruditapes philippinarum (Japanese name: 
Asari), and also Protothaca jedoensis (Oni-Asari) in 
Fukuoka prefecture. He thus established a new 
family, genus and species, Nymphonella tapetis 
(Kai-Yadori-Umigumo) [1-3]. 

Almost half a century following that, the same 
species of immature pycnogonida infesting Theora 
fragilis (Shizuku-Gai) was re-discovered in Kuma- 
moto prefecture, and Kikuchi [4] suggested the 
possibility of other host-parasite associations. 
Since then, no new information on this species has 
appeared. 

During the course of a study on coastal marine 
biota along the Pacific coast of northern Japan, the 
senior author had the opportunity to re-examine 
bivalve shells, and unexpectedly discovered im- 
mature pycnogonida Nymphonella tapetis infesting 
Hiatella orientalis (Kinu-Matoi-Gai) in 1982 in 
Fukushima prefecture. 

Over the past several years, we have carried out 
a study on this parasitic pycnogonida and its 
limited host Hiatella orientalis. So far, no adult 
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or matured specimens of this pycnogonida among 
the sessile or benthic communities have been 
found. Consequently, this report is concerned 
only with immature specimens. 


MATERIALS EXAMINED 


Locality: artificial breakwater along the coast of 
Souma county, Fukushima prefecture, depth 
2—4 m, muddy sand bottom. 


The collected data are given as follows: 
May 26, 1982, a very young specimen. 
February 16, 1983, two fully developed speci- 
mens. 
May 19, 1983, a very young specimen. 
February 16, 1984, two very young and two fully 
developed specimens. 
May 24, 1984, two fully developed specimens. 


Hitherto known localities of the bivalve- 
infesting immature specimens of N. fapetis in- 
cluding those of the present study are shown in 
Figure 1. Though previously known localities of 
this species were limited to northwest Kyushu, 
the present research shows it also distributes on the 
Pacific coast of Honshu. Quote a personal com- 
munication from the observer, K. Kishida, Oh- 
shima [1, 2] refered to an old collection record of 
R. philippinarum infested by pycnogonids in Tokyo 
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124 128 132 


1982-,Pacific Coast 44 
Fukushima Prefecture 
Host :Htatella ortentalis 
(Kinu-Matoi-Gai ) 
40 
1925,Hakata Bay 
Fukuoka Prefecture 
Host :Rudttapes phtltpptnarum 
(Asari) 
Protothaca jedoensts 
(Oni-Asari) 36 
32 
? 1920,Tokyo Bay 
Tokyo 
1975,Tomioka Bay ast aes philtpptnarum 
Kumamoto Prefecture USE L) 28°N 


Host :Theora fragilts 
(Shizuku-Gai ) 


124 128 132 
Fic. 1. 


Hitherto known localities of the bivalve-infesting immature specimens of 


Nymphonella tapetis with host shell record. 


Bay, 1920, and suspected it to be N. tapetis. 
Unfortunately, the specimens were lost without 
opportunity of scientific investigation. 


RESULTS 


Morphological character and identification 


Photographs and _ sketches of immature 
specimens are shown in Figures 2 to6. The mor- 
phological character of fully developed immature 
pycnogonida agrees well with the description of 
Nymphonella tapetis by Ohshima [1-3]. 

Proboscis is distinctly bent ventral, with a 
slight constriction in the middle. The eye tubercle 


is comprised of only a low elevation and four eyes 
are at the center. The scape of the chelifore is 
singly segmented and stout, and does not extend 
beyond the proboscis. The chela is developed to 
a fair extent. 

The palp has 9 segments, the 2nd being the 
longest. No confirmation is possible of the 4th 
spine row. The oviger is much longer than the 
palp and consists of 10 segments, the 5th being the 
longest. The four distal segments from the 7th 
to 10th, have a row of spines simply denticulated. 

All the ambulatory legs are smooth and slender 
and the first has 8 segments. The others each have 
9 segments, with the 7th as the shortest. The 
terminal segment does not form a claw, and no 
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Fic. 2. Infested immature N. tapetis in a mantle 
cavity of Hiatella orientalis. 

Fic. 3. Fully developed immature WN. tapetis. 

Fic. 4. Youngest specimen attached to the visceral 
mass of H. orientalis. 


accessary claws are present. No _ precise 
observation could be made of the genital pore and 
cement-glands. 

The dimensions of the immature pycnogonida 
are shown in Table 1 along with those observed by 
other authors. In all immature samples ranging 
in total length from 2.6 to 5.6mm, remarkable 
morphological changes were observed to take 
place. 

The proportions of the proboscis, trunk and 
abdomen against total length were the same in all 
cases, being 0.3:0.5:0.2. This isometrical growth 


was in complete agreement with that found in the 
mature samples studied by other authors; the 
total length ranged from 6.7 to 8.4 mm. 

Figure 5f shows the manner in which the 
ambulatory legs of this aberrant species develop. 
All the ambulatory legs appeared at the same time 
is in agreement with the descriptions by Ohshima 
and Arita [2, 3, 5]. 


Parasitic rate and host size 


A histogram of host shell length and parasite 
number are shown in Figure 7. It is clearly 
evident that the level of parasitism is very low, 
being only 1.1 percent. In consideration of the 
large number of eggs carried by the mature male 
[4, 6], this level of parasitism indicates a low 
survival rate. 

Those host size examined was 1.8 to 11.5 mm, 
and over half the number of immature pycnogonids 
were found in shells 7.0 to 8.1 mm in length. The 
minimum host shell length was only 3.3 mm. 


Infesting season 


In the case of R. philippinarum, Ohshima stated 
that the N. tapetis had two infesting seasons a 
year, from March to May and from August to 
September, the number of specimens participating 
being far more in the spring than late summer 
[1, 7]. Also, immature WN. fapetis were found 
inside the shells of Th. fragilis in May [4]. In the 
present study immature specimens were found 
inside the shells of H. orientalis in February and 
May. The last two cases show somewhat 
reasonable agreement with the findings of Oh- 
shima for the first season. 


DISCUSSION 


On the relation between the parasitism of WN. 
tapetis and size of its host, Ohshima examined 
many individuals of R. philippinarum in various 
size, and found that all the pycnogonids occurred 
in large shells exceeding 25 mm in length [2]. He 
explained this on the basis of three probabilities: 
(1) pycnogonid larvae are capable of making a 
size preference and select large shells at infestation, 
(2) pycnogonids can function as parasites on any 
host regardless of its shell size but die for malnutri- 
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Fic. 5. Fully developed immature and youngest N. tapetis. 


a. Dorsal view, . Lateral view, cc. Anterior part of dorsal view, d. Left side chelifore, 
e. Left side palp. Notice the capsulated terminal segment having the appearence of a string 
of beads, f. Youngest specimen. Scale bars in 1 mm. 
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Fic. 6. Left side oviger and ambulatory legs of fully developed immature N. tapetis. 


a. Oviger, b. Ist ambulatory leg, c. 2nd ambulatory leg, d. 3rd ambulatory leg, 
4th ambulatory leg. Scale bars in 1 mm. 


e. 
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TABLE 1. Size dimensions of immature and matured N. tapetis 

Pres poets apdouen toa Author 

0.9 (0.3)? 138} (WS) 0.4 (0.2) 2.6 This paper 
0.8 (0.3) 1.55 (0.6) 0.35 (0.1) 2.70 Kikuchi [4] 
0.9 (0.3) 1.65 (0.6) 0.4 (0.1) 2.95 Kikuchi [4] 
1.2 (0.3) 1.8 (0.5) 0.7 (0.2) Bed) This paper 
11 ©:3) 1.90 (0.5) 0.8 (0.2) 3.80 Kikuchi [4] 
1.3 (0.3) 2.3 (0.5) 0.8 (0.2) 4.4 This paper 
1.3 (0.3) 2.5 (0.5) 0.8 (0.2) 4.6 This paper 
1.5 (0.3) 2.5 (0.5) 0.8 (0.2) 4.8 This paepr 
1.9 (0.3) 2.7 (0.5) 1.0 (0.2) 5.6 This paper 
2.0 (0.3) 3.2 (0.5) 1.7 (0.2) Gwin Ohshima [6] 
2.0 (0.3) 3.5 (0.5) 1.5 (0.2) 7.0° Ohshima [1] 
23033) 3.7 (0.5) 1.7 (0.2) Mee Ohshima [1] 
2.1 (0.3) 3.5 (0.5) 1.54 (0.2) 7.14° Arita [5] 

2.2 (0.3) 3.8 (0.5) 1.6 (0.2) 7.6° Kikuchi [4] 
2.35 (0.3) 3.9 (0.5) 1.7 (0.2) 7.59° Kikuchi [4] 
2.5 (0.3) 3.9 (0.5) 1.7 (0.2) 8.1° Ohshima [3] 
2.4 (0.3) 4.25 (0.5) 1.75 (0.2) 8.4° Kikuchi [4] 


2 Proportion to total length. 
> Mature specimen. 


Frequency of Host Shell Length 


12 (mm) 
Shell Length 


Number of Parasite 


Fic. 7. Relation of host shell length H. orientalis 
and the number of WN. tapetis infested. 


tion if they infest on juvenile host shells, (3) 
juvenile shells parasitized by pycnogonida die as a 
result, leaving a supply of nutrition on which the 
young shells can thrive. He considered the last 


to be most probable. 

In the case of 7h. fragilis, the minimum shell 
length of parasitized specimen was 7.5mm and 
much smaller than that of R. philippinarum. 
Considering developmental stage of parasitic pyc- 
nogonids and quickly growing habit of host species, 
Kikuchi [4] suggests that the host shell ought 
to have been infested at young stage of 2-3 mm 
in shell length. In the present case, H. orientalis, 
as with Th. fragilis, had its shell length infested 
when only 3-8 mm. These findings are at variance 
with the explanation initially proposed by Ohshima, 
that pycnogonids prefer the larger hosts. Fur- 
thermore, multiple infested small shells by fully 
developed immature specimens were found to be 
in good condition. Thus, the second and third 
speculations of Ohshima are not applicable. 

A concept of host-parasite association is some- 
what more feasible than that held in past. A 
narrow host specificity of a parasite is regarded as 
the results of a long and intimate coevolutionary 
relationship [8,9]. | When the bivalve-infesting 
pycnogonida, N. tapetis, was first discovered by 
Ohshima, the host-parasite association seemed to 
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be highly specific. Later, Ohshima added another 
host, P. jedoensis, both of host species belong to 
the closely related genera of Veneridae, both lived 
in intertidal sand beach in the same mode of life. 
However, third host, Th. fragilis, reported by 
Kikuchi [4] is different from previous two in 
taxonomical position, habitat, mode of life and 
size. It belongs to Semelidae, surface deposit 
feeder of small size, inhabiting in subtidal muddy 
bottom. In the present study we confirmed new 
host of N. tapetis, H. orientalis which belongs to 
rather remote taxonomical group (Hiatellidae). 
The bivalve is quite different from other known 
hosts in its epifaunal habit on hard substrate in 
the subtidal zone. Discovery of WN. tapetis in 
this unexpected taxon suggests more flexible host 
selection, then coevolutionary process of host- 
parasite association does not necessarily to occur 
[10]. The evidence widen the range of potential 
host of this pycnogonida, association with other 
bivalves may be expected. 
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Rumen Ciliate Protozoal Faunae of Bali Cattle (Bos javanicus 
domesticus) and Water Buffalo (Bubalus bubalis) in 
Indonesia, with the Description of a New 
Species, Entodinium javanicum sp. nov. 


SOICHI IMAI 


Department of Parasitology, Nippon Veterinary and Zootechnical College, 
Musashino, Tokyo 180, Japan 


ABSTRACT — Rumen ciliate compositions were surveyed on the Bali cattle and the water buffaloes 
in Indonesia. As the result of survey, 15 genera including 45 species with 15 formae and 11 genera 
including 37 species with 12 formae were identified from the Bali cattle and the water buffalo, respec- 
tively. Of the ciliates detected from the Bali cattle, one new entodiniid species was recognized, then 
described as Entodinium javanicum sp. noy. The ciliate compositions between these two species of 
hosts were similar to each other, or 30 species detected were common. From the comparison of 
these faunae with that of the domestic animals fed in neighbouring area, the presence of geogra- 
phical distribution of the rumen ciliates was strongly indicated. Some ciliate species detected only 
from the animals of Southeast Asia were discussed on the phylogenetical relationship to the host 
species. The average density of ciliates per 1 ml of the rumen fluid was 7.8 x 10* in the Bali cattle 
and 1.5 x 10* in the water buffaloes, respectively. The ciliates of the genus Entodinium was the most 
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predominant both in the Bali cattle and the water buffaloes. 


INTRODUCTION 


The ciliates inhabiting the rumen of ruminants 
have been recognized as one of the highly evolved 
groups of ciliates, which have no related free- 
living species, and most of them possess peculiar 
morphological aspects [1]. Since the transfau- 
nation of them has been assumed to be performed 
only due to the direct contact between the hosts [2], 
it is considered that rumen ciliate faunae have 
peculiarly developed in the rumen as narrow and 
limited habitat of host animals and would be 
different among the different species of hosts 
and/or among the hosts inhabiting different areas. 
Thus, the investigations on the rumen ciliate 
faunae of various ruminants in different areas, and 
the comparison of the results seem to offer the 
useful informations for the discussion on the 
phylogenetic relations not only among the rumen 
ciliates but also among the host ruminants. 
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From this point of view, we have surveyed the 
rumen ciliate faunae of ruminants in various areas, 
especially around Southeast Asia, which have 
been still left out of investigation, and already 
reported on the microfaunae of the domestic 
[3, 4] and wild [5] ruminants in Japan, and of 
water buffalo [6-8] and zebu cattle [7, 8] in several 
countries of Southeast Asia. 

The present paper deals with the ciliate faunae 
of the Bali cattle and of the water buffalo in 
Indonesia as one of these studies. One new 
species found from the Bali cattle in this exami- 
nation is also described. 


MATERIALS AND METHODS 


Rumen contents examined were collected from 
8 Bali cattle and a water buffalo slaughtered in 
the abattoir in Tanjung-Karang, Ranpong, and 
16 water buffaloes slaughtered in Bogol, Jawa 
Island, Indonesia in January, 1983. All the hosts 
had been fed continuously on the true grasses with- 
out concentrates. Those samples were immedi- 
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ately fixed in twice volume of MFS (methylgreen- 
formalin-saline) solution [1] and brought to the 
laboratory. Then, the samples were added further 
with twice volume of MFS solution and stocked 
at darkened place until examination. Identifi- 
cation and calculation of ciliates in the stocked 
samples were examined light microscopically. 
Identification of genera and species and terminol- 
ogy of the ciliates were mainly in accordance 
with the descriptions published by Ogimoto and 
Imai [1]. The ciliates not described in their 
description were identified in conformity to 
various investigators [9-13]. The orientation of 
ciliates for description was in accordance with 
Ogimoto and Imai [1]; that is, the side closest to 
the macronucleus was called the “right side’’ in 
Entodiniinae and the “left side” in Diplodiniinae 
and Ophryoscolecinae, with the opposite side 
“left” and “right”, respectively, and the other 
sides were called the “‘upper’” and “lower’’ side. 
The total ciliate number was calculated from the 
number in 0.1 ml of the sample with a plankton 
counter deck glass (Rigosha, Tokyo) on which 
the lines were cut at 0.5 mm intervals, and con- 
verted into logarithms per 1 ml of the rumen 


20 ym 


Fic. 1. Entodinium javanicum sp. nov. 
the caudal spines. 


a: Lower view of whole body. 


fluid. The generic composition was shown as 
the percentage of each genus occupying in about 
500 individuals. 

A part of the samples of the Bali cattle, in which 
the new species was recognized, was stained with 
Mayer’s hematoxylin staining and prepared as 
permanent slides for type specimens. 


RESULTS 


I. Description of a new species 


On the course of survey, one new ciliate was 
recognized from the samples of 3 Bali cattle. 
The morphological characters of the new species 
is as follows; 


Entodinium javanicum sp. nov. 
(Figs. 1 and 2) 


Diagnosis: Body elliptical, 29-32 x 19-21 wm: 
a length to width ratio 1.52; with two heavy 
caudal spines, the right spine being shorter than 
the left one; macronucleus thick and short at the 
anterior right side of body. 


( 


b-d: Variation of 
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Fic. 2. Light micrographs of Entodinium javanicum 


sp. nov. a: Lower view of a specimen fixed and 
stained with MFS solution. 550. b: Upper 
view of a specimen stained with Mayer’s hema- 
toxylin. x 550. 


Description: Viewed from the upper or lower 
side, the body is elliptical, but right surface of 
body is more convex than the left surface. The 
anterior end of body is relatively flattened when 
the adoral cilia are retracted. The rectum is 
apparent and situated at the slightly left side of 
posterior extremity of body and curve somewhat 
inwards. The right spine is shorter than the left 
one. These spines, especially left one, often 
show some variation in size (Fig. 1b-1d). The 
esophagus is funnel-shaped and bent rightward. 
A thick and short macronucleus is situated in the 
antero-lateral part of body, which is about one- 
third of the body length. The anterior end of 
the macronucleus is thicker than the posterior end. 
An ovoidal micronucleus is situated near the middle 
of the left margin of the macronucleus. A 
contractile vacuole lies close to the upper left 
part of anterior one-fifth of the macronucleus, 
just anterior to the micronucleus. 

Measurement of 20 individuals of this species 
is as follows. In the description of body length, 
the size of caudal spine is not contained. 


Mean SD_ Range 
Length (sm) 29.9 ‘3 29-32 
Width (um) 19.7 0.6 19-21 
Caudal spine(vm) 5.2 1.1 4-7 
L/W 1.52 0.04 1.5-1.6 


Type host and locality: Bali cattle, Bos javanicus 
domesticus, in Ranpong, Indonesia. 

Habitat: Rumen. 

Occurrence: E. javanicum was detected in 
37.5% of the Bali cattle surveyed. 

Specimens deposited: Holotype and 2 paratypes 
on slides. They are deposited in the Department 
of Parasitology, Nippon Veterinary and Zoo- 
technical College, Musashino, Tokyo, Japan. 

Remarks: Entodinium javanicum is _ closely 

related to Entodinium fujitai Imai, 1981 [14] which 
has been detected from the tropical ruminants in 
Southeast Asia in the situation of the macronucleus 
and in the presence of two caudal spines. It is, 
however, distinguished from E. fujitai by the 
following points: (1) the left surface of body 
being not concave, (2) slender body (L/W; t=8.84, 
n=20, P<0.001), (3) slight difference of the situ- 
ation of contractile vacuole, and (4) the left spine 
always larger than the right one and not so sharply 
as to be surrounded by right one. 
Other than E. fujitai, E. rostratum 
[9], E. ciculum [13] and E. parvum monospinosum 
[15] are also similar to the present species in 
having one or two caudal spines. However, 
these species have long macronuclei which extend 
over a half of the body length, and they are able 
to be easily distinguished from E. javanicum and 
E. fujitai in this difference. 

For the identification of rumen _ entodinio- 
morphid ciliates, the caudal spine is one of the 
most attractive features. Also in the present case, 
the shape of caudal spines is the most distinct 
character to identify E. javanicum from other 
related species. However, it has been indicated 
[5,9] that the caudal spines of rumen ciliates 
have often wide variations in a species, so that 
they are not always suitable as a diagnosis of 
species. From this reason, it still remains a 
possibility that E. javanicum should be classified 
as one forma of E. fujitai. But every individual 
of E. fujitai detected up to this time from several 
species of the hosts involving the water buffalo 
in this examination [6-8] showed the identical 
morphology as the original description [14]. 
In contrast, neither EF. /fujitai confusing 
individuals for identification were detected from 
the Bali cattle. From this fact in addition to the 
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TABLE |. Species of rumen ciliate protozoa found from the Bali cattle and water buffalo in 


Indonesia and their frequency of appearance 


Family 


Isotrichidae 


Blepharocorythidae 


Ophryoscolecidae 
Entodiniinae 


Diplodiniinae 


Species 


Dasytricha 
ruminantium 
Oligoisotricha 
bubali 
Isotricha 
intestinalis 
prostoma 
Charonina 
ventriculi 
Entodinium 
simplex 
longinucleatum 


f. longinucleatum 
f. actonucleatum 


f. spinolobum 
ovinum 
exiguum 
minimum 
furca 
parvum 

f. parvum 


f. monospinosum 


caudatum 
f. caudatum 


f. lobosospinosum 


rostratum 
nanellum 
javanicum 
aculeatum 
chatterjeei 
dubardi 
indicum 
bimastus 
bifidum 
tsunodai 
bubalum 
costatum 
biconcavum 
fujitai 
Diplodinium 
anisacanthum 
f. anacanthum 


Frequency of appearance (%) 


Bali cattle 
(n=8) 


100.0 


37-5) 


62.5 
50.0 


25.0 


Water buffalo 
(n=17) 


Deseo) 
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Frequency of appearance (%) 
Family Species 


Bali cattle Water buffalo 
(n=8) (n=17) 
f. monacanthum 25.0 17.6 
f. diacanthum 12.5 41.2 
f. anisacanthum 50.0 a 
f. pentacanthum Sie Pes = 
f. triacanthum —— 2359 
polygonale 75.0 41.2 
minor -- 17.6 
Eodinium 
rectangulatum 50.0 11.8 
posterovesiculatum ibe dae 52.9 
Eremoplastron 
rostratum 75.0 58.8 
bovis | Wy 11.8 
bubalus 62.5 29.4 
dilobum 62.5 -- 
monolobum 12,3 —- 
Eudiplodinium 
maggii 87.5 70.6 
Elytroplastron 
bubali 50.0 ~- 
Diploplastron 
affine Si.0 -- 
Metadinium 
medium 87.5 11.8 
ypsilon 25.0 11.8 
Ostracodinium 
obtusum 50.0 17.6 
nucleolobum cf 11.8 
mammosum 25.0 17.6 
gracile 12.5 23.5 
trivesiculatum —- 35.3 
tiete -- 29.4 
Enoploplastron 
triloricatum 37.5 _- 
Ophryoscolecinae Epidinium 
ecaudatum 
f. caudatum 62.5 23.5 
f. parvicaudatum A — 
f. quadricaudatum 12.5 -- 
f. ecaudatum — 17.6 
15 genera 11 genera 
Total genera, species and formae 45 species 37 species 
15 formae 12 formae 


TT 


* Not detected. 
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morphological differences mentioned above, E. 
javanicum was decided to be a separate species 
from E. fujitai. 


2. Composition of rumen ciliates 


Table 1 shows genera, species and their inci- 
dences (No. of the hosts in which the species 
was detected/No. of examined hosts) of the ciliates 
found from the Bali cattle and the water buffalo 
in this examination. Those were 15 genera 
containing 50 species with 17 formae. Of them, 
15 genera containing 45 species with 15 formae 
were recognized from the Bali cattle, and 11 genera 
containing 37 species with 12 formae from the 
water buffalo. Though most of them were 
common between both hosts, 13 species and 
5 formae of 3 species were not detected from the 
water buffalo but from the Bali cattle, and 5 
species and 2 formae of 2 species had the reverse 
relation. 

Of the ciliate species found from the Bali cattle, 
Dasytricha ruminantium, Entodinium simplex and 
E. longinucleatum  longinucleatum were _ the 
most popular, each incidence of which was 
100.0%. In addition, Jsotricha intestinalis, I. 
prostoma, Entodinium ovinum, E. exiguum, E. 
minimum, E. furca, E. parvum monospinosum, 


E.  caudatum _lobosospinosum, __Diplodinium 
anisacanthum  anisacanthum, OD. __ polygonale, 
Eodinium rectangulatum, Eremoplastron rostratum, 
Er. bubalus, Er. dilobum, Eudiplodinium maggii, 
Elytroplastron  bubali, Metadinium medium, 
Ostracodinium obtusum and Epidinium ecaudatum 
caudatum were detected from over a half number 
of the hosts examined. 

On the other hand, there were no species 
detected from all the water buffalo, but E. simplex 
was the most predominant species of which the 
incidence was 82.4% in the animals examined. 
Over a half of the water buffaloes had E. 
parvum parvum, E. rostratum, E. chatterjeei, 
D. anisacanthum anacanthum and Eo. poster- 
ovesiculatum which showed relatively low incidence 
in the Bali cattle, in addition to E. ovinum, E. 
exiguum, Er. rostratum and Eu. maggii which had 
high incidence also in the Bali cattle. 

Table 2 shows the percentage compositions of 
genera detected in this examination. Both in 
the Bali cattle and the water buffalo, the per- 
centage occupied by the ciliates of Entodinium 
was the highest, the ratio of which was 67.8% 
and 74.6% on average, respectively. In the water 
buffalo, the ciliates of Diplodinium occupied next 
high composition, which value was 10.5%, then 


TABLE 2. Generic composition (%) of the rumen ciliate protozoa in the Bali cattle and water 


buffalo in Indonesia 


Bali cattle Water buffalo 
Genus 
Mean Range Mean Range 
Dasytricha VA 0.5-23.5 0.5 0 —- 3.5 
Isotricha 1.4 0 —- 3.5 0 =a 
Oligoisotricha 0.4 0 — 1.5 Dog 0 -20.0 
Charonina 0.6 0 - 3.0 1.1 0 — 9.0 
Entodinium 67.8 51.5-84.0 74.6 54.5-93.0 
Diplodinium 6.1 0 -19.5 10.5 1.0—-26.5 
Eodinium 1.5 0 - 6.0 167 0 - 6.0 
Eremoplastron 4.2 1.0-18.0 2.8 0 — 7.5 
Eudiplodinium 35 0 — 7.5 1.6 0 - 4.0 
Diploplastron 0.9 0 - 4.0 0 == 
Metadinium 72\\ 0 - 5.0 0.1 0 -— 2.0 
Ostracodinium il) 0 — 5.0 41 0 -12.5 
Elytroplastron 0.6 0 - 2.0 0 — 
Enoploplastron 0.5 0 — 2.0 0 — 
Epidinium 1.5 0 — 3.5 0.9 0 - 4.5 
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Average number of species appeared and average ciliate density in the Bali cattle and 


water buffalo in Indonesia and in the domestic ruminants in other areas 


Number of species 


Ciliate density (log,o/ml) 


Host Locality a : == 

Mean SD Range Mean SD Range 
Bali cattle (n=8) Indonesia 2 4.8 14-30 4.89 0.24 4.6-5.4 
Water buffalo (n=17) Indonesia 12.9 327 8-20 4.19 0.77 2.8-5.5 
Zebu cattle (n=46) Thailand! 26.1 5.8 14-39 4.85 0.45 3.8-5.5 
Zebu cattle (n=4) Philippines? 16.5 5.0 11-22 4.97 0.26 4.7-5.4 
Water buffalo (n=10) Thailand’ 9.4 4.5 2-17 3.87 0.30 3.2-4.3 
Water buffalo (n=29) Taiwan? Lis5 6.5 3-25 4.95 0.88 3.7-6.5 
Cattle (n=69) Japan* 10.3 4.0 4-25 a5 0.61 3.7-7.6 


Cited from ‘ Imai and Ogimoto [8], * Shimizu ef a/. [7], ? Imai et al.[6], and * Imai et al. [4]. 


of Ostracodinium was 4.1%, and of other genera 
were less than 3%. In the Bali cattle, the com- 
position ratios had a tendency to be more balanced 
compared with that in the water buffalo, 
and the ratios of Dasytricha, Diplodinium, 
Eremoplastron and Eudiplodinium were more 
than 3%. 

The average number of species per head of 
host and the total ciliate density per milliliter 
of rumen fluid of the domestic ruminants examined, 
and those of the animals fed in neighbouring area 
which had been reported by us [4, 6-8] are shown 
in Table 3. The average number of ciliate species 
in the Bali cattle was considerably higher than 
in the water buffalo; that is, 21.5 in the Bali 
cattle and 12.9 in the water buffalo, respectively. 
The average total ciliate number was 7.8 x 10*/ml 
in the Bali cattle and 1.5x10*/ml in the water 
buffalo. 


DISCUSSION 


Water buffaloes are the most popular domestic 
ruminants around the tropical area with zebu 
cattle. Those are classified to two types, river 
type and swamp type. In Southeast Asia, the 
latter type has been widely distributed. The 
rumen ciliate compositions of these animals have 
been reported on the swamp type ones in Taiwan 
[6], Philippines [7], Thailand [8] and Brazil [13], 
and on the river type ones in India [16] and Kafkas 
[17]. All of the species detected from the water 
buffalo in this examination had been found from 


any of those areas. Of these areas, however, 
the ciliate composition in this examination was 
the most similar to that in Thailand; that is, 21 
of 26 species (80.8%) found from the water buffalo 
in Thailand were common with the species de- 
tected from Indonesia. Thirty of 42 species 
(71.4%) from Taiwan were also common. In 
contrast, the lowest common rate was obtained 
when the ciliate composition was compared with 
that of Brazil, or only 21 of 43 species (48.8%) 
was common. The common ratios in the ciliate 
compositions of the water buffaloes in India 
and Kafkas to that in Indonesia were 50.0% 
(10 of 20 species) and 67.9% (19 of 28 species), 
respectively. In the water buffalo in Philippines, 
though only 10 species were described from 
10 animals, all of them were detected in this 
examination. 

On the other hand, Bali cattle were domesti- 
cated from wild Banteng (Bos javanicus) inhabiting 
the limited area of Southeast Asia, and up to this 
time they are only kept at a part of Indonesia. 
They have been recognized to develop without 
cross to other wild or domestic cattle [18]. In 
general, zebu cattle (Bos taurus indicus) have 
widely been kept as domestic ruminants with 
water buffaloes around the tropical area, and 
their rumen ciliate compositions have been 
reported on those in Philippines [7], Thailand 
[8], India [10-12], China [19] and Senegal [20]. 
All of the ciliate species detected from the Bali 
cattle have been also detected from the zebu 
cattle in somewhere except E. javanicum, E. 
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costatum and Epidinium ecaudatum parvicaudatum. 
Especially, the ciliate composition of Bali cattle 
was resembled that of zebu cattle in Thailand 
like the case of the water buffalo; that is, 40 
of 53 species (75.5%) detected from the Thai- 
lander cattle were also detected from the Bali 
cattle. On the other hand, 25 of 46 species 
(54.3%) from Chinese zebu cattle, 20 of 51 species 
(39.2%) from Indian zebu cattle and 18 of 33 
species (54.5%) from Senegalese zebu cattle were 
common with that from Indonesian Bali cattle. 

The ciliate compositions in the water buffalo 
and in the Bali cattle in Indonesia were very 
similar to each other, and 30 of 37 species from 
the water buffalo and of 45 species from the Bali 
cattle were common although slight difference was 
noticed on the predominant species in the animals. 

These results that most species from the water 
buffalo in Indonesia were common with the ciliates 
from the Bali cattle fed in same area, that the 
ciliate compositions of Bali cattle and Thailander 
zebu cattle were similar to each other, and that 
even among the water buffaloes, common rate 
of ciliate species appearance was high in the 
animals in Indonesia and Thailand but low 
in Indonesia and in Brazil or Kafkas, will 
strongly indicate the presence of geographical 
distribution of the rumen ciliates. 

Since the transfaunation of rumen ciliates to 
other hosts has been assumed to be performed 
orally [2], it is considered that ciliates are hardly 
transmitted if the hosts, even though they are the 
same species, are kept in far distance; in contrast, 
the transfaunation would easily occur among 
the hosts kept in narrow area even these hosts 
are different species. 

Entodinium simplex, E. longinucleatum longi- 
nucleatum, E. ovinum, E. exiguum, Eremoplastron 
rostratum and Eudiplodinium maggii which were 
detected with high incidence both from the water 
buffalo and the Bali cattle in this examination 
have hitherto been ordinarily reported not only 
from tropical ruminants but also from cattle 
(Bos taurus taurus), sheep (Ovis aries) and goat 
(Capra hircus) [3,9]. This fact suggests that 
the ciliates with high occurence have wide distri- 
bution range because of having many chances for 
transmission to other hosts. In contrast, the 


ciliates with low incidence would play as a factor 
to show the phylogenetical and/or geographical 
distribution of ciliate fauna because those have 
few chances for transmission so that their distri- 
bution is limited to narrow area. Of the species 
which had low incidence in this examination, 
E. longinucleatum spinolobum, E. parvum mono- 
spinosum, E. tsunodai, E. bubalum and E. fujitai 
in addition to E. javanicum newly described have 
been reported only from the ruminants in Southeast 
Asia. As mentioned above, it would be possible 
to consider that low incidences resulted in their 
limited distribution. In this point of view, it is 
suggested a possibility that the origin of these 
species may present in the ruminants in this 
area. Namikawa [21] reported that the domestic 
ruminants in Southeast Asia are fairly affected 
from the Banteng which is an ancestor type of 
Bali cattle on the basis of the comparison of 
distribution of hemoglobin-beta alleles in those 
animals. Consequently, the origin of some of the 
species mentioned above may be resulted in 
Banteng. 

The percentage composition was the highest 
in the genus Entodinium both in the water buffalo 
and the Bali cattle surveyed in this examination, 
or about 75% and 68% of the total ciliates, re- 
spectively. The result would be strongly related 
to the high incidence and the wide distribution 
of this genus. Imai et al. [4] have reported from 
the survey of 69 cattle in Japan that the entodiniid 
ciliates occupied 86.5% of the total ciliates in the 
Japanese cattle, the percentage composition of 
other genera were less than 4% each. In this 
examination, the percentage composition of 
Diplodiniinae including the genus Diplodinium 
was higher than in the Japanese cattle. Since it is 
reported that entodiniid ciliates lack the ability of 
cellulose digestion, which the ciliates of Diplodini- 
inae have [22], it is considered to be reasonable 
that the tropical ruminants which are generally 
kept only by roughage have such rumen ciliate 
compositions. 

The average number of species appeared per 
head of the host was apparently higher in the 
Bali cattle than in the water buffalo. As shown 
in Table 3, water buffaloes have generally poorer 
ciliate composition than in other domestic animals 
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such as cattle and zebu cattle. The result obtained 
in this examination would support this tendency. 
Though it is still not clear by what this difference 
is caused, the difference of feeding manner in- 
cluding the kinds of food for the hosts is considered 
to be one of the factors. On the other hand, the 
average ciliate number in the water buffalo and the 
Bali cattle in Indonesia was 1.5 x 10*/ml and 7.8 x 
10*/ml, respectively, which values were apparently 
lower than in the Japanese cattle in which the 
value was 1.3x10°/ml on average [4]. Such 
low values have also been noticed in the water 
buffalo and the zebu cattle in the areas other 
than Indonesia. It is reported that the ciliate 
density in the rumen is closely related to the kinds 
of food taken by the host [23], so that such feeding 
conditions of the domestic ruminants in tropical 
area appear to be not so good for the rumen ciliates. 
The decrease of ciliate number would cause the 
poor ciliate composition in each host. When 
the ciliates are considered as a protein source for 
the host [22], the low level of ciliate number may 
have disadvantageous influence nutritionally on 
such tropical ruminants. However, it is indicated 
that the Bali cattle have a varied composition of 
the rumen ciliates since the average species number 
appeared was high in spite of the low number of 
ciliates. It may indicate that this variety is 
due to many chances of the experiences to contact 
with other ruminants around neighbouring area. 
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ABSTRACT — Distribution of extracellular matrix 
components, collagen and fibronectin, in the scale of 
the medaka, Oryzias latipes, was examined. The 
highly arranged collagen bundles were identified in the 
scale with polarization microscopy and Nomarski 
differential interference microscopy. The meshwork 
pattern of fibronectin was also revealed by immuno- 
fluorescent technique. 


Extracellular matrix is one of the important 
factors which may regulate morphogenesis and 
differentiation of chromatophores. The existence 
of collagen fibers and their characteristic structure 
have been studied mainly in amphibian and 
mammalian tissues, but only a few works have been 
done in fish tissues. The orthogonal arrangement 
of collagen lamella in fish was first described 
by Porter [1]. The highly ordered arrangement 
of collagenous fibrils was also shown by electron 
microscopy in guppy [2], goby [3], killifish [4], 
flathead sole [5], black molly [6] and mouth breeder 
[7]. In the medaka, Takeuchi [8] observed the 
collagenous fiber strands between the basement 
membrane and the scale by light microscopy. 

Fibronectin is known to be a multifunctional 
glycoprotein found in cell surfaces, in extracellular 
matrices and in blood. Although Engvall ef al. 
[9] isolated fibronectin from the plasma of torpedo 
fish, there is no work on fibronectin in the scale 
of fish. 

In the present study, the orderly arranged 
structure of collagen bundles and the meshwork 
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pattern of fibronectin in the scale of the medaka 
will be presented. 


MATERIALS AND METHODS 


The wild type of the medaka, Oryzias latipes, 
was used. Scales were removed and treated with 
4%, sodium dodecyl sulfate (SDS). The SDS 
treatment was performed at room temperature 
for 10 min to remove the epidermal cells and for 
20 min to remove both epidermal cells and chro- 
matophores. After the SDS treatment, the scales 
were washed with Dulbecco’s phosphate-buffered 
saline (PBS) and embedded in glycerin. For 
collagenase digestion, the scales were further 
incubated in PBS containing 1 mg/ml protease-free 
collagenase (Advanced) for 1 hr at 37°C. The 
surface of the scale was observed by polarization 
microscopy and Nomarski differential interference 
microscopy (Nikon, Optiphoto, HPD). Antibody 
to human plasma fibronectin was kindly supplied 
by Dr. M. Hayashi, the University of Tsukuba. 
Antirabbit IgG labeled with FITC was obtained 
from Miles. For immunofluorescence micro- 
scopy, the scale was treated with PBS containing 
collagenase to remove the overlying layers and 
fixed with 3.7% formalin for 10min at room 
temperature. After washing in PBS, the scales 
were incubated with the antibody to fibronectin 
for 1 hr at room temperature and then incubated 
with the second antibody for 30min at room 
temperature. A fluorescence microscope (Nikon 
Optiphoto, XF-EF) was used for immunofluores- 
cence. 
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RESULTS 


Figure 1 shows the subepidermal feature of the 
scale of the medaka after removing epidermal 
cells and chromatophores. Forming a lattice-like 
structure, a number of bundles ran from the 
central region to the periphery of the scale and 
along the growth ring. These bundles were 
about 1-3 wm in thickness. Length of the 
square of the cross stripe was 5-15 wm. Contrast 
of birefringent bundles altered from bright to 
dark depending on the orientation of the specimen 
towards the vibrating plane of the polarized light 
and the compensator (Fig. 1B, C), suggesting that 
they were composed of the highly arranged mole- 
cules. There was no such a structure in the 
other region where chromatophores did not exist. 
When the scale was treated with protease-free 
collagenase, these bundles disappeared (Fig. 1D). 


These observations suggest that the bundle is of 
a collagenous nature. 

Figure 2 shows the distribution of fibronectin 
in the scale revealed by immunofluorescence 
microscopy. Fibronectin formed the meshwork 
pattern (Fig. 2A). These structures were observed 
not only in the region where melanophores 
existed but also in the region where melanophores 
did not exist (Fig. 2B). Fibronectin also existed 
between melanophores (Fig. 2C, D). These 
fibronectin fibers were thinner than those observed 
in Figure 2A. The thinner fibronectin fibers 
were not observed in the region where melano- 
phores did not exist. 


DISCUSSION 


In the present study, a lattice-like structure of 
collagen bundles and a meshwork pattern of 


Fic. 1. A) Microphotograph of the scale with a Nomarski differential interference microscope. B), ©) 


Polarization micrographs of the scale. 
of collagenase, showing no bundles. 150. 


D) Polarization micrograph of the scale after the treatment 
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Fic. 2. A) Immunofluorescence micrograph of fibronectin, showing a meshwork pattern in the scale where 


no melanophore exists. 


same view as C by a light microscope. x 300. 


fibronectin were observed in the scale of the 
medaka. The thickness of bundles of collagen 
was 1-3 wm, which indicates that such bundles 
consist of many collagen fibers. Comparing the 
highly arranged structure of collagen, fibronectin 
appeared to be somehow random meshwork 
pattern. There was no relationship in localization 
between collagen and fibronectin. 

In the skin of some fishes, an orthogonal grid 
of collagen fibers was shown by electron micros- 
copy [2-6]. Further, fish scales were reported 
to consist of calcified derivatives of dermal collagen 
layers [7]. It is not clear whether lattice-like 
structure of collagen bundles in the medaka is 
related to these structures. 

Both collagen and fibronectin existed not only 
under melanophores but also between melano- 
phores in the medaka. These results suggest that 
melanophores may be suspended in extracellular 
matrices. We reported that fibronectin induced 


B) The same view as A by a light microscope. 
micrograph of fibronectin, showing the meshwork pattern in the scale between melanophores. 


x100. C) Immunofluorescence 
D) The 


the migration of melanophores in the cultured 
the spreading of isolated 
Together with these results, 


scale and increased 
melanophores [10]. 

present observations support the possibility that 
the extracellular matrix may have effects on the 
differentiation, morphology of 


melanophores. 


distribution or 
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I. INTRODUCTION 


As is generally known, spermatozoa are im- 
motile in the male reproductive organ such as testis 
and sperm duct, preserving the energy source for 
motility, and motility is initiated when they are 
spawned or ejaculated into an aquatic environ- 
ment such as rivers, sea or female reproductive 
tract. Gray [1] first described this phenomenon in 
sea urchin spermatozoa as occurring at spawning in 
sea water by “mechanical dilution whereby each 
spermatozoon becomes surrounded by an in- 
creased free space for movement”. Rothschild [2] 
who reexamined this problem again 20 years after 
Gray stated that sea urchin spermatozoa are qui- 
escent through the lack of O, in the anaerobic 
undiluted semen and suggested that the initiation 
of sperm motility by dilution in sea water may be 
dependent on the increase of O, tension at spawn- 
ing into aerobic sea water. In addition, many 
factors such as incease of environmental O, in 
mammals [3], decrease of CO, tension [4-5], expo- 
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sure to high pH of sea water [6, see also ref. 7], 
changes in extracellular or intracellular copper and 
zinc contents [8-14] or release from the suppres- 
sion by seminal inhibitory factors [2, 15, 16] in 
marine invertebrates have been proposed as indis- 
pensable for the initiation of sperm motility. 
However, despite more than half a century of such 
efforts the mechanism underlying the initiation of 
sperm motility has not yet been clearly explained. 
The prime reasons for this are that attention to the 
effects of those factors has mainly been paid not to 
sperm motility but to respiration and the effects of 
these factors are rather complicated. In previous 
studies it has not been possible to control sperm 
motility i.e. monitoring immotile or motile states 
in vitro, making it impossible to study the detailed 
mechanism which occurs during the initiation of 
sperm motility. 

Recently, studies by the author and his col- 
leagues have focused on the initiation of sperm 
motility at spawning in some teleost species and 
showed that K~ and osmotic pressure are the 


which can control 


Based on 
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this discovery, we performed further detailed ex- 
periments and demonstrated that the mechanism 
which triggers the initiation of motility in the 
sperm cell is the cAMP-dependent phosphoryla- 
tion of a protein. 


Il. EXTERNAL FACTORS FOR THE 
INITIATION OF SPERM MOTILITY 
IN TELEOSTS 


A. Seminal composition and initiation of sperm 
motility 


Changes of the sperm environment have long 
been thought to cause the initiation of sperm 
motility [1-16]. Nonetheless, exhaustive analysis 
of the environmental gaseous, ionic and osmotic 
conditions of the semen and spawning ground has 
not always been performed. As a first step, we 
measured the ion concentration and osmolality of 
the seminal plasma in various teleost species and 
became aware of the fact that the constituents of 
the seminal plasma are different in fish groups 
(Table 1). Salmonidae are considered to belong to 
a primitive group of Teleostei and usually migrate 
between fresh water and sea water. A distinctive 


feature of this group is that the seminal plasma 
contains a higher concentration of K* than does 
the blood plasma. It contains Na* at almost the 
same concentration as in the blood plasma [17, 18]. 
In Cyprinidae which belong to more developed 
group and live entirely in fresh water, K* concen- 
tration in the seminal plasma is also greatly higher 
than in the blood plasma. However, seminal Na~ 
is significantly lower than that of blood plasma 
[19]. Conversely, in marine species, K* concen- 
tration in the seminal plasma is lower than that in 
the blood plasma and seminal Na” concentration 
is almost the same in the blood plasma. The 
osmolality of the seminal plasma is almost isotonic 
to the blood plasma in three teleost groups 
(300-400 mOsm/kg). Spermatozoa of each group 
when immersed in such seminal environments are 
immotile in the sperm duct and are spawned into 
fresh water or sea water of which the ionic and 
osmotic conditions are markedly different from 
that of the seminal plasma. Spermatozoa initiate 
their motility upon this changes of environment. 
To examine for the effect of environment on 
sperm motility, Morisawa and Suzuki [20] in 1980 
investigated the relationship between sperm motil- 
ity and various ionic and osmotic conditions (Fig. 


TABLE 1. Inorganic electrolytes and osmolality of blood and seminal plasma of fishes 
Na‘ IK™ Car?) Mg'* Clk Osmolality 
(mM) (mM) (mM) (mM) (mM) (mOsm/kg) 
Salmonid fishes 
Chum blood piasma G0ES55 O27 £0:07) ~ 318015 1332006) SIZ 8 14D SS eee 
salmon seminal plasma 1502-46» 86552: 2.709 70:7 220,06 273550:26 “1835222 0 ACE ices 
Rainbow _ blood plasma 146+3.1 3: 15E 0.7499 3.352020" 0F9a20}03 lS O10 e292 eens 
Boe seminal plasma  127+5.4 37.344.73 2.640.19 1.5+0.14 122+ 4.9 2974145 
Freshwater cyprinid fishes 
Goldfish blood plasma W236 Zea 2440.15" 3712201067 “V0 0515  110a2 314 e260 amon 
seminal plasma 962245" 70 2EV IZ VO NEO LOY Ts 008" 12955" 5.6 lemslvae 
Carp blood plasma sae). 7/ aoa AsO 0g ESO iiss Os 2iSae 41.5 
seminal plasma (Saree “erences AWaaQyiis OssacO04) iar 20 S02Zsr 5.4! 
Marine fishes 
puffer blood plasma 1532212 145221238) (22820108) kes 202645 ol 4 Seen 
seminal plasma leas Saco) MUosacWOs) “OSse003 Sesser Zi Sé2ae 40 
Black blood plasma 174+5.5 5-4-2021) 3:82-0:06) 7 142054 sie eS On teeta 
seabream seminal plasma NWSAEY Up VneVIV2Y Miesesg 2esse0hos iW7Ose 5.4! BO ae 17/4! 


Values are means+S. E. 
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Fic. 1. The effects of Na*, K*, and mannitol on spermatozoan motility of (a) goldfish, (b) 
puffer, (c) chumsalmon, and (d) topminnow. Sperm motility of goldfish, puffer, and chum 
salmon was determined by measuring the time until all spermatozoa ceased to move when 
observed with light microscopy. Sperm ball breakdown is indicated as the percentage of sperm 
balls that were completely disrupted 15min after immersion in the test solutions (sperm ball 
breakdown reached a plateau by this time). Symbols indicate 10mM Hepes buffer ({-)), NaCl 
(©), KCI (@), mannitol (4), and 100 mmol/kg NaCl plus various concentrations of KCI (()). 
Numbers of experiments are indicated in parentheses. Values are means +standard errors. 


(From Morisawa and Suzuki [20], reproduced by permission of American Association for the 
Advancement of Science. ) 


1). In salmonid fishes, such as chum salmon, 
rainbow trout, masu salmon and char, potassium 
even at much lower concentrations than that of the 
seminal plasma inhibits sperm motility and the — duct, and that dilution of potassium concentration 
spermatozoa of these species become motile in — surrounding spermatozoa by fresh water at spawn- 


almost potassium-free conditions such as fresh _ ing triggers the initiation of sperm motility [18, 20]. 
water or 100mmol/kg NaCl solution (Fig. Ic). 


These findings suggested that sperm motility in 
Salmonidae is apparently suppressed by the high 
concentration of seminal potassium in the sperm 


In cyprinid freshwater teleosts such as goldfish, 
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carp, crucian and daces, K™ is not the inhibitor of 
sperm motility, conversely it stimulates sperm 
activity, at least in the goldfish [19]. The sperma- 
tozoa of these species are immotile in both electro- 
lyte (150 mmol/kg NaCl or KCI) or nonelectrolyte 
(300 mmol/kg mannitol) solution which are isoto- 
nic to the seminal plasma (300mOsm/kg), and 
become motile when they are spawned in a solu- 
tion of lower osmolality (Fig. la). Osmolality 
other than K™ is the external factor for the initia- 
tion of motility in the fresh-water cyprinid fishes 
[19, 20]. In marine teleosts such as puffer (Fig. 
1b), flounder and cod etc., spermatozoa are also 
immotile in isotonic electrolytes and nonelectro- 
lytes, becoming motile in the hypertonic environ- 
ment. K” which ts included at lower concentra- 
tion in the seminal plasma has no special effect on 
sperm motility in these species [20]. Since sperma- 
tozoa of freshwater species or marine species are 
released into hypotonic fresh water or hypertonic 
sea water, respectively, these results suggest that 
sperm motility of freshwater cyprinid fishes and 
marine fishes is suppressed by osmolality isotonic 
to the seminal plasma in the sperm duct and 
initiated by decrease or increase in osmolality of 
the environment surrounding the spermatozoa at 
spawning. 

Viviparous teleosts such as guppy or topminnow 
copulate, thus spermatozoa transfer from male to 
female reproductive organs, resulting in an en- 
vironmental changes. In these species, a large 
number of spermatozoa aggregate to form a so- 
called sperm ball (Fig. 2a) and the sperm ball 
disintegrates in the female reproductive organ 
within 3hr after copulation, at which moment 
sperm motility occurs. Under experimental condi- 
tions, breakdown of the sperm ball occurred in an 
electrolyte solution at an osmolality of 50 to 300 
mOsm/kg (Fig. 2b,c). However, sperm ball 
breakdown did not occur in nonelectrolyte solu- 
tions such as mannitol and glucose (Fig. 1d). 
Although the chemical constituents of the seminal 
plasma of viviparous teleosts such as guppy and 
topminnow are still unknown due to difficulty in 
collecting the seminal plasma from such small- 
sized fish and thus extrinsic factors initiating sperm 
motility in these species are still obscure. How- 
ever, it is conceivable that changes in ionic concen- 


Fia. 2. 
Poecilia reticulata. 


Sperm ball breakdown of the viviparous guppy 
a) Sperm ball in the semen; 
grain-shaped sperm balls are observed. b) Sperm 
balls 90 sec after dilution in 150mM KCI solution; 
spermatozoa initiate motility and sperm ball break- 


down is beginning. c) Sperm balls after 120 sec in 
150mM KCI; spermatozoa have swum out and disin- 
tegration of sperm ball results. Bar: 50m. 


trations, especially in that of potassium which 
induces complete sperm ball breakdown, may par- 
ticipate in the initiation of sperm motility in the 
ovary of viviparous teleosts [20]. Since the sper- 
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matozoa of viviparous teleosts enter ovarian fluid 
that may have similar osmolality to that of seminal 
plasma, it is possible that osmolality is not a factor 
inducing sperm motility in viviparous teleosts. 


B. Target of potassium in the initiation of sperm 
motility in salmonid fishes 

It has been concluded that K”™ and osmolality 
are the only factors involved in the initiation of 
sperm motility in salmonid and cyprinid sperma- 
tozoa, respectively. The second problem to be 
decided is whether these factors affect the 
mitochondria and regulate respiration resulting in 
the start of the initiation of sperm motility. To 
clarify this point, oxygen consumption of sperma- 
tozoa was measured under various conditions (Fig. 
3). In the rainbow trout which exhibit very short 
sperm motility duration, motile spermatozoa 
showed marked consumption of oxygen during the 
first 4 sec after dilution of the semen in K‘ -free 
medium (Fig. 3a). As inhibitors of the respiratory 
chain and the uncoupler of the oxidative phos- 
phorylation inhibited sperm motility and also since 
the former such as NaN; suppressed the respira- 
tion of spermatozoa (Fig. 3c, see also ref. [21]) it 


Fal 
\ 
3 tate Tag gene if tc 
r) 
E 
c 
wo 
N 
[Ee 
0 4 8 
Time (sec 
Fic. 3. Oxygen consumption of rainbow trout sperma- 


tozoa immediately after adding the semen to various 


media. a) 0.1ml semen were added to 3ml of 
100mM NaCl (——). b) 0.1 ml semen in 3 ml 100 
mM KCl (------ ). c) 0.1 ml semen added to 100mM 


NaCl containing 20mM NaN, (--—--), buffered 
with 20mM Hepes-NaOH at pH7.7. Oxygen con- 
sumption measurement by Oxymeter (Yanagimoto 
Co. Ltd.) at 10°C. Small arrow indicates the time of 
addition of spermatozoa. (From Inoda ef al., un- 
published. ) 


seems most probable that the aerobic metabolism 
of mitochondria is the energy producing system for 
sperm motility in this species. In spite of the 
importance of respiration of mitochondria for 
sperm motility, spermatozoa whose motility was 
completely suppressed by K* exhibited almost the 
same oxygen consumption as active spermatozoa 
in both short (Fig. 3b) and long term measurement 
[21]. These results suggest that potassium, the 
common factor for the initiation of salmonid sperm 
motility [18-20] does not affect sperm mitochon- 
drial respiration but that it may act directly on the 
flagellum thereby regulating the initiation process 
of sperm motility in salmonid fishes. 


Il. INTERNAL MECHANISM OF THE 
INITIATION OF SPERM MOTILITY 
IN SALMONID FISHES 


A. The role of cyclic adenosine monophosphate 


Of obvious importance is the question of the 
mechanism by which initiation of sperm motility 
takes place in the flagellum. Since the pioneer 
work by Gibbons and Gibbons [22], experimental 
models employing spermatozoa the plasma mem- 
brane of which is removed by nonionic detergents 
such as Triton X—100 have long been used for the 
sake of understanding the mechanism underlying 
the axonemal movement in flagellum. By this 
method, elimination of the energy supply to the 
axoneme by the removal of the plasma membrane 
and mitochondria with the detergents results in 
immotility of the axoneme. In sea urchin and 
mammalian spermatozoa only addition of an ener- 
gy source, adenosine triphosphate (ATP) to the 
membrane-stripped flagellum is able to reactivate 
the quiescent flagellum and, at least under those 
experimental conditions no other elements are 
required for the initiation of sperm motility in 
these species. On the other hand, in rainbow trout 
and chum salmon the demembranated sperma- 
tozoa still remain quiescent in the reactivating 
medium containing only ATP, suggesting the re- 
quirement of an other element for the initiation of 
sperm motility. 

Cyclic adenosine monophosphate (cAMP) has 
long been implicated as an activator of sperm 
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Fic. 4. 


Dark-field stroboscopic micrographs of tracks of 
the heads of spermatozoa demembranated by treat- 
ment with Triton X—-100. In a, cyclic AMP was 
absent from both the extracting and reactivating 
media; semen was directly immersed in the extract- 
ing medium and demebranated; no evidence of 
movement. In b, cyclic AMP was present in the 
reactivating medium; demembranation of sperm was 
performed by the same method as in a; movement is 
evident. In c, cyclic AMP was absent from both the 
extracting and reactivating media; semen was di- 
luted in 100mM NaCl for 30 sec and then spermato- 
zoa were demembranated; movement is evident. In 


motility [23, 24] through its stimulating effect on 
the motile apparatus [25, 26], 1.e. the axoneme in 
which motility has already been initiated by ATP 
[22]. Morisawa and Okuno [27] in 1982 first de- 
monstrated that cAMP is required before ATP to 
trigger the initiation of sperm motility in rainbow 
trout (Fig. 4). When cAMP was absent from both 
demembranating and reactivating media, no ax- 
onemal movement was observed (Fig. 4a, see also 
ref. [28]); however, when the demembranated 
sperm were suspended in reactivating medium 
containing ATP and cAMP, axonemal movement 
occurred in trout (Fig. 4b) and in salmon [29]. 
Cyclic AMP at a concentration below 1 ~M was 
sufficient to induce the salmonid sperm motility. 
Two other experiments using rainbow trout further 
clarified the role of cAMP on the initiaton of 
sperm motility : when the axoneme was exposed to 
cAMP during the demembranation procedure in 
the extracting medium containing cAMP, axonem- 
al movement was induced in the reactivating 
medium containing ATP alone in the absence of 
cAMP [27]: when spermatozoa were diluted in K*- 
free medium to allow sperm to swim and then 
demembranated, axonemal movement was in- 
duced in the reactivating medium by ATP alone 
even without cAMP (Fig. 4 c). These results can 
be explained if cAMP becomes bound to axoneme 
during the demembranating procedure or during 
the natural initiation of motility before demem- 
branation following which axonemal movement 
occurs in the presence of ATP alone without 
cAMP. This suggests that binding of cAMP to 
axoneme is necessary for the initiation of sperm 
motility not only in vitro but also in vivo. In other 
words, cAMP is the true physiological factor indis- 
pensable for the initiation of sperm motility. 


a, demembranated sperm are immotile; round heads 
and slender axoneme projected from heads are 
observed. In b, c, demembranated sperm are 
motile; the image of tracks of heads which are driven 
by axonemal movement are observed as a dotted 
line under stroboscopic illumination; all prepara- 
tions exhibit straight or curved lines, no rounded 
heads are present, indicating 100% motility of ax- 
onemes. Bar: 50 um. (From Morisawa and Okuno 
[27], reproduced by permission of Macmillan Jour- 
nals Ltd.) 
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As described previously, several mM of K° 
completely inhibits motility of intact spermatozoa 
[18, 20]. However, the axoneme deprived of 
plasma membrane always displayed cAMP. in- 
duced axonemal movement even in the reactivat- 
ing medium containing 150mM_ KCI [27-30]. 
These facts suggest that the K* ion does not 
directly inhibit axonemal movement but inhibits 
the motility of intact sperm through effects on the 
membrane. 

The measurement of intraspermatozoal cAMP, 
adenylate cyclase and phosphodiesterase levels by 
Ishida and Morisawa [31] in rainbow trout has shed 
light on the biochemical mechanism of the initia- 
tion process by which K™ affects the cAMP gener- 
ating system. When the semen was diluted in K*- 
free 100mM NaCl solution and spermatozoa were 
allowed to move, adenylate cyclase activity and 
cAMP content markedly increased within only one 
second after dilution and then decreased sharply. 
Phosphodiesterase activity increased concomitant- 
ly with the decrease of cAMP contents suggesting 
that this enzyme causes the decrease of intracellu- 
lar cAMP. In contrast, no increase in adenylate 
cyclase and cAMP levels was observed when the 
spermatozoa remained quiescent by dilution of the 
semen in a solution containing K” , suggesting that 
K”™ suppresses the activity of adenylate cyclase 
which is probably bound to the plasma membrane 
[32]. At spawning in a natural environment, the 
following process may occur within a short period 
to initiate motility of spermatozoa: decrease of 
external K~ induces increase of intracellular 
cAMP via the activation of adenylate cyclase and 
then the endogenous cAMP induces the initiation 
of sperm motility. After that, disused cAMP may 
be decomposed to AMP by the action of phospho- 
diesterase. 


B. Cyclic AMP-dependent phosphorylation of 
15K protein 


For more than 15 years much evidence has been 
accumulated suggesting that protein kinase medi- 
ates the effect of cAMP in causing altered states of 
phosphorylation of a specific substrate protein 
[33]. In the case of sperm motility it has become to 
be assumed that the effect of cAMP may be 
regulated in some part by protein phosphorylation 


[34]. Recent study from the author's laboratory 
indicates that the initiation of trout sperm motility 
may be regulated by cAMP-dependent protein 
kinase. As shown in Table 2, when the demem- 


TABLE 2. Effects of protein kinase inhibitor and 
protein kinase on the motility of demem- 
branated spermatozoa 


- Motile sperm Velocit 
Experimental conditions P y 


(%) ( um/sec) 
Protein kinase inhibitor 
QO (units) 100 132+4.6 
12.5 100 132+6.4 
25.0 0 0 
50.0 0 0 
Protein kinase inhibitor (25.0 units) 
+ protein kinase (60.0 units) 
34 70+3.7 


branated sperm were placed in the reactivating 
medium containing protein kinase inhibitor from 
rabbit skeletal muscle (Sigma, St. Louis, Mo.) for 
10 min in the absence of both cAMP and ATP, 
followed by addition of cAMP and ATP, ax- 
onemes were able to initiate motility at inhibitors 
levels below 12.5 units but were unable to more at 
levels of over 25.0 units. However, axonemes 
which had been quiescent in the presence of 25.0 
units of inhibitor became motile to some extent by 
the subsequent addition of 60.0 units of protein 
kinase from the same source. This strongly implies 
that cAMP-dependent phosphorylation of a spe- 
cific protein through the activation of protein 
kinase 1s the critical step to trigger the initiation of 
sperm motility. 

Morisawa and Hayashi [35] in 1985 in experi- 
ments using SDS-polyacrylamide gel electro- 
phoresis and autoradiography have shown that 
a specific protein with molecular weight of 15,000 
(15 K) is the indispensable phosphoprotein trigger- 
ing the initiation of sperm motility in rainbow trout 
(Fig. 5). Since the initiation process occurs within 
a very short period, we have emphasized the 
short-term measurement of the respiration of 
sperm cells, intracellular cAMP and adenylate 
cyclase levels, trying to identify Pi incorporation 
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Fic.5. SDS-polyacrylamide gel electrophoresis of rainbow trout sperm proteins phosphorylated in the 


presence or absence of cAMP. In a—d, semen was directly mixed with the extracting medium. a: 
l-sec exposure of demembranated sperm to [7-**P] ATP in the absence of cAMP. b: 1-sec exposure 


in the absence of cAMP. 


c: 5-sec exposure in the absence of cAMP. d: 5-sec exposure in the 


presence of cAMP. Ine and f, semen was diluted in 100 mM NaCl for 30 sec and the spermatozoa were 
demembranated. Pi incorporation after 5-sec exposure to [7-**P] ATP in the absence (e) or presence 
(f) of cAMP. In g and h, Pi incorporation was examined in axonemal sediment (g), and in solubilized 
membrane fraction (h). In 1, gel was stained for 10 min with Coomassie blue. Arrow indicates the 
position for the 15K protein. (From Morisawa and Hayashi [35], reproduced by permission of 


Biomedical Research Foundation.) 


into the sperm protein within one second. As 
mentioned before, the axoneme is in an immotile 
state in the absence of cAMP. In this condition Pi 
incorporation in sperm protein is almost zero (Fig. 
Sa, c). However, when the semen was directly 
immersed in the extracting medium after which the 
demembranated sperm were mixed with [y-*’P]- 
ATP and cAMP in the reactivating medium, with 
the biochemical reactions then being halted by 
adding trichloroacetic acid at 1 sec after mixing, Pi 
incorporation was observed in 15 K, 42 K and 45K 
proteins (Fig. 5b) with radioactivity ratios (+ 
cAMP/—cAMP) of 5.00, 1.35 and 1.56, respec- 
tively. Pi incorporation in the three proteins in- 
creases to some extent at 5 sec (Fig. 5d). Further- 
more, it was shown that although 15K protein 
which undergoes the strongest phosphorylation 
among the three proteins, it could not accept Pi 
(Fig. Se, f) when demembranation and reactiva- 
tion were carried out after sperm were allowed to 


swim. As described, in this experimental condi- 
tion axonemal movement could be initiated with- 
out cAMP (Fig. 4c). This can be explained by a 
mechanism through which axoneme from sperm 
that are allowed to swim before demembranation 
are bound to cAMP resulting in saturation of Pi in 
vivo during the normal initiation of motility. 
These axoneme are unable to incorporate any Pi 
beyond it that level and can initiate motility even 
in the absence of cAMP. However, axoneme 
obtained by direct demembranation procedure 
thus has no experience of movement and requires 
Pi incorporation into the 15K protein which is 
present in the axoneme (Fig. 5g,h) to initiate 
motility. These results strongly suggest that cAMP 
dependent phosphorylation of the 15K protein is 
the true trigger for the initiation of axonemal 
movement, i.e. sperm motility. 
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IV. DISCUSSION 


At present it is well established that K” in 
salmonid fishes and osmolality in freshwater cypri- 
nid fishes are important natural and physiological 
external factors. It has also been recognized that 
cAMP-dependent phosphorylation of the trout 
axonemal protein is an internal mechanism indis- 
pensable for the initiation of sperm motility. 
However, it is still unclear how the external K° 
signal is transmitted in the sperm cell to activate 
the cAMP system. It is also unclear how phos- 
phorylation of a protein triggers the initiation of 
the basic mechanism of flagellar motility such 
as dynein-microtubule sliding or bending of 
flagellum. 

Several data relevant to the former question 
showing that Ca~~ stimulates trout sperm motility 
antagonistically to K* [36] and that antagonistic 
drugs on a calcium binding protein, such as calmo- 
dulin, inhibit flagellar movement (Morisawa and 
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Tokari, unpublished data). Since Ca** and calmo- 
dulin are well known to be regulators of adenylate 
cyclase or phosphodiesterase activity [37, 38], it 
appears that Ca* *-calmodulin binding is involved 
at a membrane level to mediate K* effect and 
cAMP. 

Concerning the latter question, we previously 
showed that the axoneme of trout spermatozoa 
disintegrated followed by sliding of the outer 
doublet microtubules as a result of treatment with 
trypsin in the absence of cAMP [28] in the same 
manner as in the sea urchin [39] and bull [40] 
spermatozoa. This suggests that the rainbow trout 
flagellar axoneme is already capable of producing 
active sliding of outer doublet microtubules with- 
out exposure to cAMP. Thus it seems possible 
that the portion which is regulated by cAMP- 
dependent phosphorylation of the 15K protein is 
not the dynein-microtubule sliding mechanism but 
more probably generation of the bending wave of 
the flagellum. 
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Summarizing our studies, the cascade process of 
initiation following the K* effect is considered to 
take place in rainbow trout spermatozoa as shown 
in Figure 6. In this process, decrease of environ- 
mental K* at spawning affects the plasma mem- 
brane of the flagellum of spermatozoa and stimu- 
lates the adenylate cyclase possibly through the 
operation of Ca** and calmodulin, resulting in the 
synthesis of intraspermatozoal cAMP. The en- 
dogenous cAMP causes the activation of protein 
kinase resulting in the phosphorylation of the 15K 
protein which in turn possibly causes the initiation 
of the flagellar bending wave, sperm motility. 

We previously reported that external Cat * and 
internal cAMP trigger the initiation of sperm 
motility in Ciona [41]. In addition we recently 
obtained preliminary results in this species suggest- 
ing that K* which is at almost the same concentra- 
tion as in seminal plasma (10-20 mM) suppresses 
sperm motility (Morisawa and Morisawa, unpub- 
lished data). A review of past studies reveals 
several reports indicating that K~ is involved in the 
seminal plasma of marine invertebrates at concen- 
trations higher than that in spawning ground (sea 
water contains almost 10mM K*) [2, 16, 41] and 
seminal K* also higher in mammals [42]. Fur- 
thermore it was also revealed that K* inhibits 
sperm motility in sea urchins [43, 44] and mammals 
[45]. While animal diversity may result in other 
initiation mechanisms such as osmotic pressure in 
freshwater cyprinid and marine fishes [19, 20], 
changes of intraspermatozoal pH in sea urchin [44, 
46, 47] or factors released from egg [48, 49], 
accumulating evidence suggests that Cat* and 
cyclic nucleotides are involved in the process of 
activation or initiation of sperm motility in many 
animals such as echinoderms [50, 51], Ciona [41, 
52], teleosts (27-31, 35, 36] and mammals [53-55]. 
Therefore, it seems possible that an initiation 
mechanism of sequential reactions involving Kt , 
Ca™* and cAMP that occurs at spawning is com- 
mon to many animal species. 
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INTRODUCTION 


In the presence of the male, the sexually recep- 
tive female rat displays several characteristic types 
of behavior. If the female is in a state of high 
sexual receptivity, she shakes her head around the 
nose-to-neck axis so that her ears appear to vibrate 
(ear-wiggling). By means of high-speed motion 
picture analysis, this shaking movement is per- 
formed at rates up to 25 times per second [1]. The 
female also abruptly darts and stops equally as 
abruptly (hopping and darting). These behavioral 
patterns are called soliciting behavior. 

The male will frequently persue the female and 
sniff at her perineal region. At intervals, the male 
will mount the female, palpate her flanks with 
forelegs, and show pelvic thrusting as he attempts 
insertion of the penis into the vagina. In order for 
the male to achieve penial intromission, the recep- 
tive female will show the most characteristic 
behavioral response—lordosis. The female arches 
her back so that her head and rump are elevated, 
and she moves her tail to one side (Fig. 1). 

The occurrence of this behavior is under the 
control of ovarian hormones [2, 3]. In adult 
normal females, the display of lordosis is limited to 
the periovulatory period between the evening of 
the day of proestrus and the morning of the day of 
estrus, during which estrogen and progesterone 
levels are much higher than in the other stages of 
the estrous cycle. Ovariectomy abolishes com- 
pletely the spontaneous occurrence of lordosis, 
while treatment with estrogen (in combination 
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with progesterone) effectively restores it in ovari- 
ectomized female rats. Furthermore, direct im- 
plantation of estrogen in the hypothalamic region 
potentiates the display of lordosis in ovariecto- 
mized females [4]. Therefore, the 
facilitating effect of estrogen is the result of the 
direct action on the brain. 

In many laboratories including the authors’, 
“lordosis quotient” (LQ) is usually used to qualify 
sexual receptivity. This is a ratio of lordosis 
response to the number of mounts by the male, 
times 100 (based on at least 10 mounts). In this 
manner, one can distinguish between animals that 
occasionally lordose and those that lordose upon 
almost every mount. In addition, the incidence of 
soliciting behavior will provide supportive evi- 
dence for high receptivity. In this article, attention 
is mainly focused on the neuroendocrine mecha- 
nisms involved in regulation of lordosis behavior. 


lordosis- 


SENSORY STIMULI FOR LORDOSIS 


Lordosis is a kind of reflex response, which 
occurs within 200 msec in response to tactile 
stimuli by male’s grasping female’s flanks [5]. 
Since cutaneous denervation or local anesthesia of 
the posterior rump, tailbase and perineum effec- 
tively abolishes the performance of lordosis, the 
somatosensory inputs from these skin areas are 
responsible for the expression of this reflex [3, 6]. 
Since the firing pattern of the pressure units Is 
closely associated with the pattern of stimulus 
requirements for lordosis [3], the pressure stimuli 
which enter the spinal cord through the dorsal 
roots in segments LS, L6 and S1 seem to be most 
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DURING COITUS 


Normal 


Fic. 1. 
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AFTER COITUS 


Normal 


Lordosis behavior in estrogen-progesterone primed ovariectomized female rats. Normal control (above). 


Note the exaggerated lordosis posture in a female which received ARD (below, see Fig. 2). 


important for the elicitation of lordosis [7]. With- 
out estrogen priming, however, tactile stimulation 
of the perineal region cannot induce lordosis reflex 
in ovariectomized females. Therefore, lordosis is 
a hormone-dependent reflex. To facilitate the 
reflex, estrogen blood level must have been raised 
for at least 12 hr [8, 9]. 

When the complete spinal transection is per- 
formed at the thoracic level, the hormone-primed 
female fails to exhibit lordosis in response to 
cutaneous stimuli from the genital region. Exten- 
sive studies on selective transections of individual 
or combinations of spinal columns have shown that 
the critical pathway (ascending and/or descending) 
for lordosis runs in the anterolateral column of the 
spinal cord [10]. Therefore, supraspinal control is 
apparently needed for the expression of lordosis. 
This may not simply mean that the reflex arc for 
lordosis contains supraspinal components. There 
are neurons in the medulla and midbrain which 
respond to cutaneous stimuli on flank and rump. 
However, they do not respond to the lordosis 


relevant pressure stimuli, and their firing rates are 
not tightly, physically related to the time course of 
lordosis response [3]. The role of cutaneous inputs 
ascending to the lower brain stem in lordosis 
regulation is further needed to be examined. 


HYPOTHALAMIC FACILITATORY 
MECHANISM AND ESTROGEN 


The hypothalamus plays a facilitatory role in 
inducing lordosis and soliciting behaviors. There 
is no strong evidence indicating that the hypothala- 
mus participates in lordosis control through its 
response to somatosensory inputs from the spinal 
cord. For the hypothalamus to control lordosis, 
the most important inputs are hormonal influ- 
ences. According to autoradiographic studies, 
dense regions of estrogen-concentrating neurons 
are found not only in the preoptic-anterior 
hypothalamic area, but also in the arcuate nucleus, 
the ventromedial nucleus and the ventral premam- 
millary nucleus [11, 12]. However, the distribu- 
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tion of the estrogen receptor sites alone is not 
sufficient to determine the site at which estrogen 
facilitates lordosis behavior. In addition, estrogen 
can have many functions in the brain; i.e. feed- 
back action on the hypothalamus, food intake and 
running activity, etc. 

Lesions [13-16] or surgical isolation [17, 18] of 
the ventromedial hypothalamus (VMH) effectively 
suppress hormonal induction of lordosis and 
soliciting behaviors, while electrical stimulation of 
the ventromedial nucleus facilitates the display of 
lordosis [19]. Furthermore, estrogen can facilitate 
lordosis without circulating through the body, if it 
is administered directly in the VMH. Actually, 
microimplants of estradiol to the ventromedial 
nucleus potentiate the performance of lordosis in 
ovariectomized female rats [4]. Therefore, the 
neuron group located in the VMH where estrogen 
receptors are abundant is the possible source of 
estrogen-dependent lordosis facilitating signals. 
Estrogen can increase the electrical activity of the 
slowly firing cells in this region [20] and can 
increase the ultrastructural signs of biosynthetic 
activity [21]. Through these cellular effects, 
estrogen can cause a tonically elevated outputs 


Fic. 2. 
represents the surgical cut in midsagittal section of the rat forebrain. An L-shaped Halasz knife 
(2.5mm horizontal blade) were lowered just above the anterior commissure (AC) and rotated 180 
anterohorizontally. The horizontal black bar indicates the position of the ARD. B. Effect of ARD 
on LQ and incidence of lordosis in female and male rats. Castrated female and male rats were 
treated with 0.5-2 yg of estradiol benzoate (EB) for 3 days and 0.5 mg progesterone (P) on the day of 
test. C: control, SD: sham deafferenatation. The vertical bar at the top of column shows S.E.M 
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from the VMH. The fact that females receiving 
complete transection of the brain stem at the 
diencephalic-mesencephalic junction do not per- 
form lordosis [22] indicates that these estrogen- 
dependent lordosis facilitating signals from the 
VMH are transmitted onto th midbrain or below 
the midbrain, modulating the activity of the reflex 
path for tordosis. 


FOREBRAIN LORDOSIS INHIBITING 
SYSTEM 


Other than the hypothalamic facilitatory mech- 
anism, the dorsal extrahypothalamic descending 
afferents are considered to play an important role 
in regulating lordosis and soliciting behavior. De- 
struction of the lateral amygdala [23], septum [24] 
or preoptic area [25, 26] enhances sexual receptiv- 
ity in female rats. The horizontal transection of 
the dorsal descending fibers just above the anterior 
commissure by using an L-shaped Halasz knife 
(anterior roof deafferentation, ARD, Fig. 2A) 
markedly potentiates the display of lordosis in 
estrogen-progesterone primed ovariectomized rats 
[27]. The lordosis posture of the females with 


Male 


Female 


Lordosis Quotient (LQ) 


0 C SD ARD C SD ARD C SD ARD 
Incidence 5/8 6/8 10/10 8/8 8/8 10/10 1/8 2/8 10/10 
Treatment 0.5ugEB8-P 2.0ugEB-P 2.0.gEB-P 


Effect of anterior roof deaferentation (ARD) on lordosis behavior. A. The figure schematically 
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ARD is greatly exaggerated (see Fig. 1) and the 
LQ of these ARD rats is significantly higher than 
that of ARD sham and ovariectomized controls 
when primed with a subthreshold dose of estradiol 
benzoate (EB) and progesterone (P) (0.5 “g EB+ 
0.5 mg P, see Fig. 2B). In sham-operated and 
ovariectomized controls, more EB is needed to get 
high LQs. This suggests that descending fibers 
transected by ARD are participating in inhibiting 
lordosis responses. One of the actions of ovarian 
hormones seems to disinhibit the inhibitory in- 
fluence of these fibers. 
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In order to examine the origin of this forebrain 
lordosis inhibiting signals, four types of cuts were 
made in the septal area (Fig. 3) [28]. Small cuts 
placed in the ventrolateral parts of the septum 
were effective in activating lordosis response, but 
the effect of other cuts was not detected when 
primed with 0.5 wg EB-P (Fig. 3). These results 
suggest that the neural outputs passing down 
through the ventrolateral part of the septum are 
involved in the forebrain lordosis inhibiting in- 
fluence, presumably originating from the septal 
area. This is consistent with the finding that septal 
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Effect of the cuts in the septum on lordosis behavior. Dorsal cuts (DC) were made just 
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below the corpus callosum by using an L-shaped Halasz knife with 2.5 mm horizontal blade. 
Small horizontal cuts were also placed in the ventromedial (VMC) or ventrolateral (VLC) 
part of the septum by an L-shaped knife with 1 mm horizontal blade. In the case of the VLC, 
the cuts were placed bilaterally. To transect the posterior inputs to the septum (PC), a small 
piece of razor blade (5 mm wide) was lowered to a depth of 6 mm to the brain. (Lower figure) 
Effects of 4 types of cuts on lordosis and soliciting behavior. C: control, VLC: bilateral 
ventrolateral cuts, VMC: ventromedial cut, DC: dorsal cut, PC: posterior cut. 
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lesions potentiate lordosis behavior in female rats 
[24]. The findings that preoptic lesions facilitated 
lordosis [25, 26] can be interpreted as being due to 
interruption of the inhibitory pathway passing the 
preoptic area. 


NEURAL MECHANISM FOR THE 
EXPRESSION OF LORDOSIS IN 
THE LOWER BRAIN STEM 


The supraspinal mechanism constitutes a func- 
tional link between the ascending and descending 
systems that govern the lordosis reflex. The neural 
substrates sucn as the midbrain central gray 
(29, 30], midbrain reticular [30], 
peripeduncular nucleus [31-33], pontine central 
gray [34], lateral vestibular nucleus [35] and 
medullary reticular formation [36] are thought to 
participate in this mechanism. Among them, the 
lateral vestibular nucleus which sends the vestibu- 
lospinal tract and the gigantocellular nucleus in the 
medullary reticular formation which sends the 
reticulospinal tract are assumed to contribute to 
the possible pathways that facilitate lordosis, 
controlling motorneurons for axial muscles [3]. 

Figure 4 illustrates the effect of midbrain central 
gray or tegmental lesions in EB-P primed ovari- 


formation 


Ou 


Fic. 4. 


(Left) The upper figure indicates the sites of midbrain tegmental lesions. LCGI 


ectomized female rats [36, 37]. The large 
midbrain central gray lesions (LCGL) effectively 
suppress lordotic activity in female rats. However, 
the small lesions restricted to the ventromedial 
part of the central gray and adjacent area 
(VMCGL) facilitate the display of lordosis. This 
suggests that the ventral part of the central gray is 
involved in inhibiting lordosis response. The fact 
that large iesions including both dorsal and ventral 
parts of the central gray cause the suppression of 
lordosis may indicate that the facilitatory influence 
of the dorsal central gray is dominant, compared to 
the inhibitory influence of the ventral central gray. 
When the lesions were made in the pontine dor- 
somedial tegmentum and central gray (DMTL), 
approximately | mm posterior to the ventromedial 
midbrain central gray lesions (VMCGL) which 
facilitate lordosis, a severe loss of lordosis re- 
sponse was seen (Fig. 4) [34]. It is of interest to 
note that a relatively small shift in the anterior- 
posterior location of a lesion at this level of the 
brain stem can produce opposite effects on lordo- 
sis. In the animals with pontine dorsomedial teg- 
mental lesion, the situation could not be improved 
even if the priming dose of EB was increased from 
2 to 20 ug. This is different from the case of the 
rats with ventromedial hypothalamic lesions, in 
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large 


central gray lesion, VMCGL: ventromedial central gray lesion, LTL: bilateral lateral tegmental 
lesions. The lower figure represents the lesions in the pontine central gray and/or tegmentum 
DMTL: dorsomedial tegmental lesion, LL: bilateral lateral lesions. (Right) Effect of midbrain or 
pontine tegmental lesions on induction of lordosis in EB-P primed ovariectomized rats 
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Female Male 
100 
Y, 
: 
E 7 
; 7 
: / 
| 
7 oe Yj 
Control ARD+ ARD+ ARD+ Control ARD+ ARD+ ARD+ 
inetdanee Sham VMHL PCGL Sham VMHU- POGL 
of lordosia) UClo. 20) OinekG/Gae 1/9 WG Gils 8/8 1/14 
Fic.5. Effect of dual brain surgery on the mean LQ and incidence of lordosis. 


Animals with ARD were subjected to the second brain surgery, ventrome- 
dial hypothalamic lesions (VMHL), pontine dorsomedial tegmental lesion 
(DMTL) or sham operation. All animals were injected with 2 ug of EB for 
3 days and 0.5 mg of P on the day of test. 


which postoperative recovery of lordosis response 
has been reported to occur [13]. In the animals 
with pontine dorsomedial tegmental lesion, a clear 
dissociation between the display of lordosis and 
soliciting behavior was seen [34]. In these animals, 
soliciting behaviors (ear wiggling and hopping) was 
not inhibited in spite of suppression of lordosis 
behavior, whereas the VMH lesions have been 
reported to suppress both lordosis and soliciting 
behaviors [39]. Lesions in the midbrain lateral 
tegmentum (LTL) also caused a severe loss of 
lordosis response (Fig. 4) [38]. No soliciting be- 
havior was seen in the animals with these lesions. 
However, lesions placed in the pontine lateral 
tegmentum (LL) were not effective in inhibiting 
lordosis nor soliciting behaviors [38]. These re- 
sults suggest that the midbrain dorso- and ventro- 
lateral tegmenta are associated with lordosis facil- 
itation. These structures are thought to be impor- 
tant as a relay station of lordosis facilitating sig- 
nals. 

As a step to elucidate the relationship between 
the forebrain inhibitory influence on lordosis and 
the lower brain stem in the rat brain, the animals 
were subjected to dual surgery in combination of 
ARD with pontine central gray lesion (DMTL). 


Since the facilitatory effect of ARD on lordosis 
was almost completely inhibited by the DMTL 
(Fig. 5), the pontine central gray seems to be an 
indispensable structure for the expression of 
lordosis reflex [39]. 

As mentioned above, the ventromedial hypo- 
thalamic facilitatory system projects the fibers to 
the midbrain central gray. Recently it was found 
that LH-RH producing neurons located in the 
medial basal hypothalamus send their fibers to the 
midbrain central gray [40]. These LH-RH neurons 
are also thought to be involved in the hypothal- 
amic facilitation of lordosis [41]. These findings 
suggest that the forebrain facilitatory and inhibi- 
tory influences converge onto these lower brain 
stem structures which consist of the supraspinal 
mechanism for lordosis reflex. Therefore, the 
midbrain and pontine central gray form a part of 
the supraspinal neural circuit for the expression of 
lordosis reflex, which process estrogen-dependent 
tonic facilitating signals from the forebrain. 
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LORDOSIS BEHAVIOR IN MALE 
RATS—BEHAVIORAL SEXUAL 
DIFFERENTIATION 


The occurrence of lordosis is very infrequent 
even if the extremely high dose of EB is given. 
Table 1 shows the incidence of lordosis in Wistar 
male rats from three different sources [43]. 
Whether an adult rat behaves as a male or a 
female is dependent on the organizational action 
of testicular androgen during the perinatal period. 
Female pups injected with aromatizable androgen 
around the time of birth can be permanently 
masculinized as well as defeminized. These 
females mount more frequently than normal 
females, but do not show lordosis. In contrast, 
male rats castrated at birth display female levels of 
lordosis and still show a considerable level of 
mounting activity. This may raise the question as 
to whether the main action of androgen is to 
enhance the development of neural pathways in- 
volved in male sexual behavior and to suppress the 
development of those of females. In the case of 
the behavioral defeminization of the male rats, it 
has been proposed that testosterone inhibits the 
neonatal development of a ‘lordosis facilitation 
center’ located in the VMH. Testosterone im- 
plants in this region have been reported to be most 
effective in eliminating lordosis behavior in adult- 
hood [43]. 


the ARD enables males to show 
lordosis and soliciting behavior [44, 45]. As shown 
in Figure 2, the LO of ARD males is high, being 
just comparable to that of normal females. This is 
highly contrasting to the results on hormonally 
primed castrated males (Table 1). Similar activa- 
tion of lordotic response is also seen in neonatally 
androgenized females with ARD [46]. This sug- 
gests that the dorsal extrahypothalamic inputs to 
the preoptic area play a strong role in preventing 
males and androgenized females from displaying 
female sexual behavior. As same as in ARD 
females, additional lesions in the pontine central 
gray completely eliminate the facilitatory effect of 
ARD on lordosis in the males (Fig. 5) [45]. The 
pontine central gray seems also to be an indispen- 


However, 


sable structure for the expression of lordosis in 
males. The male forebrain lordosis inhibiting sys- 
tem can be modified by the supraspinal mechanism 
including the pontine central gray. This may imply 
that the minimal neural structure needed for the 
performance of lordosis exists in the male central 
nervous system. Thus, the facilitatory mechanism 
for lordosis is still intact in male rats after exposure 
to the organizational action of aromatizable 
androgen. This is hard to reconcile with the view 
that neonatal testicular androgen suppresses the 
development of the neural mechanism for the 
facilitation of lordosis. Instead, behavioral de- 
feminization in normal male rats seems to be 


TABLE 1. Incidence of males with lordosis and LO during a series of 4 sucessive behavioral tests 
Ist test 2nd test 3rd test 4th test 
No. (50 ng EB+P’) (100 ng EB+P) (50 ng EB+P) (10 ng EB+P) 
Group of ——$_—_——— - = 
ms  imce Y%  LO+S.E. Ince. % -LO+S.E. Inc- % LO+S.E. Inci- % LO+S.E. 
dence dence dence dence 
1 Diaois 2em 12.0466 3/15: 20:0 12.7268 315.200 6.0256 2715 13.3 3.3+2.7 
2 eis tae. 5.8255 419 21.0. 9.5459 S19 138  4.722.9 .. 3i9.15.8 6.143.6 
3 77 6¢ 0 0/17 0 0) 0/17 0 () 0/17 O 0) 
mn saved 19.8 6.7-+-2.1- 7/15 13.7 7.342.8 GST 11-8 S3S5t15°  S/SI 9.8 3.2+1.6 


* 0.5Smg of progesterone. 


a: NS at all 4 tests, Group 1 vs. Gr. 2, Group 1 vs. Gr. 3, Group 2 vs. Gr. 3, P>0.05 (X°-test) 
b: NS in comparisons of incidence between any two of the 4 tests, P>0.1(%*-test). 

c: NS in comparisons of LQ between any of the 4 tests, P>0.1 (t-test). 

Castrated males were treated with EB daily for 2 days and given progesterone on the third day 4—7 hr prior to 


testing. Tests were performed at 2-week intervals. 
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associated with the development of a strong 
forebrain lordosis inhibiting system. A critical dif- 
ference between males and females seems to be 
dependent on the nature of this. The inhibition in 
the females can be disinhibited easily by ovarian 
steroids, whereas the inhibition in the males can- 
not be released unless it is surgically interrupted. 
It is probable therefore that one of the organiza- 
tional action of testicular androgen is to establish 
the inhibitory neural circuit from the lordosis- 
mediating system. 
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SEXUALLY DIMORPHIC WIRING PATTERN 
IN THE HYPOTHALAMIC AND LIMBIC 
BRAIN AND LORDOSIS RESPONSE 


Recently, sexual dimorphism of morphological 
parameters such as nuclear volume, dendritic field 
and synaptic organization has been found in cer- 
tain brain regions—the preoptic area, arcuate 
nucleus, ventromedial nucleus and medial amyg- 
daloid nucleus in which receptors for sex steroids 
are abundant [51, 52]. In the ventromedial nucle- 
us which is supposed to send estrogen-dependent 
lordosis facilitating signals, for example, the 
volume of the nucleus was found to be significantly 
greater in male rats than in females [47]. Neonatal 
castration of male rats decreased the volume to a 
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Synapses in the neuropil of the ventromedial nucleus. A: shaft synapse. B: spine synapse (bar indicates 


0.5 um. The lower figure indicates number of shaft and spine synapses in the ventrolateral (Left) and 
dorsomedial (Right) parts of the ventromedial nucleus (VMN) per 10,000 4m in normal males and females, 
males castrated on the day of birth, and female treated with 1.25 mg TP. Black column and white column 


indicate shaft and spine synapses, respectively. 
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level comparable to that of the females, suggesting 
that the sexual dimorphism in this nucleus is not 
determined genetically at birth, but rather, is 
dependent on the neonatal sex steroid environ- 
ment. There is evidence suggesting a regional 
difference in sex steroid concentrating neurons 
within the ventromedial nucleus [3, 11]. Recep- 
tors for sex steroids are most abundant in the 
ventrolateral part, whereas they are rare in the 
dorsomedial part. Synaptic organization also 
shows a regional difference associated with a sex- 
ual dimorphism. In the ventrolateral part of the 
nucleus, the numbers of shaft and spine synapses 
are significantly greater in males than those of 
females, while no sex difference in synaptic num- 
ber is seen in the dorsomedial part (Fig. 6) [48]. 
Furthermore, sex reversal of the synaptic pattern 
by the manipulation of the neonatal sex steroid 
environment is only seen in the ventrolateral part 
of the nucleus. This provides clear evidence in- 
dicating that synaptic sexual differentiation occurs 
specifically in the sex steroid concentrating neuron 
system. Recently, it has been reported that the 
neural outputs of this nucleus projecting the mid- 
brain central gray are sexually dimorphic and this 
sexual dimorphism is also dependent on the organ- 
izational action of neonatal androgen [49, 50]. 

At the neonatal age, the neurons and the neuro- 
pil of the preoptic area and hypothalamus and 
amygdala are morphologically undeveloped, char- 
acterized by the presence of extracellular space, 
the presence of growth cones and paucity of 
synapses [51, 52]. The neural circuit networks for 
mediating sexual behaviors do not seem to be 
established yet at this period. Thus, the neuropil 
environment of these areas is easily accessible to 
organizational action of sex steroids. Evidence is 
now accumulating that sex steroids play a signi- 
ficant role in mediating neuronal maturation and 
neural circuit formation. Steroid hormones in cul- 
ture have been found to markedly stimulate or 
permit the formation of very complex networks of 
neurite branches in the preoptic or hypothalamic 
explants [53, 54]. Furthermore, synaptogenesis 
can be facilitated by neonatal sex steroid treatment 
in the hypothalamus and amygdala [51, 55-57}. 
These provide a possible mechanism underlying 
sexual differences in the wiring pattern. The next 


problem is therefore to make it clearer how sexual 
dimorphism in these morphological parameters 
correlates with sex differences in reproductive 
functions. It is highly probable that these mod- 
ifications in neural circuits induced by the organi- 
zational action of sex steroids may produce a sex 
difference in electrophysiological properties and 
responsiveness to sex steroids of the neural 
mechanism of male or female sexual behaviors. 


SUMMARY 


The forebrain facilitatory and inhibitory system 
are involved in regulating the expression of 
lordosis. In response to the activational action of 
estrogen, the ventromedial hypothalamus (VMH) 
sends lordosis facilitatory signals to the lower brain 
stem. The inhibitory influence presumably from 
the septal area can be disinhibited by estrogen. 
These facilitatory and inhibitory influences mod- 
ulate the supraspinal mechanisms for the expres- 
sion of lordosis reflex. 

In the male rats, the display of lordosis is rare. 
However, since the neural transection of the 
descending fibers at the level of the anterior 
commissure potentiated the display of lordosis in 
estrogen-progesterone primed male rats, the 
minimal neural mechanism for the expression of 
lordosis is thought to exist in the male rat brain. 
Therefore, one of the organizational actions of 
testicular androgen is to develop a strong inhibi- 
tory circuit built in the lordosis mediating neural 
mechanism. 

“Wiring programs” in certain neural structures 
involved in sexual behavior are sexually dimorphic 
and determined by neonatal sex steroid environ- 
ment. This may contribute to the expression of 
sexually dimorphic behavioral responses. 
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Responses of Cricket Leg Motoneurons to Air-Current 
Stimuli: Velocity Dependent Inhibition and 
Acceleration Dependent Excitation 


MASAMICHI KANOU and TATEO SHIMOZAWA! 


Zoological Institute, Faculty of Science, Hokkaido University, Sapporo 060, 
and ‘Division of Behaviour and Neurobiology, National 
Institute for Basic Biology, Okazaki 444, Japan 


ABSTRACT— Motoneurons (MNs) innervating the levator and the depressor muscles of the mesotho- 
racic leg trochanter of the cricket, Gryllus bimaculatus, respond to sinusoidal air-current stimuli. The 
MNs habituate during repetition of the air-current stimulus. The rate of habituation depends on the 
inter-stimulus interval. The slow, spontaneously active MNs show a brief inhibition prior to the 
excitatory response to the air-current. These slow MNs show a post-excitatory suppression. The degree 
of suppression depends on the number of spikes in the excitatory response preceded. The response of 
MNs to air-current stimuli varied strikingly with temperature. A small drop in temperature results in a 
delayed and a long-lasting suppression of spike activity. The frequency-threshold curves for a single 
stimulus were measured. The thresholds for the brief inhibition prior to the excitation were low and 
velocity dependent (ca. 1 mm/sec). The thresholds for excitation were high, and some of them were 
acceleration dependent (ca. 500 mm/sec’). Two different groups of excitatory threshold curves were 
traced in the same MN in different preparations. This suggests a functional switching or a predisposition 
of the motor network to which the cercal interneurons (CIs) connect. 

Based on the threshold curves of the MNs, it is evident that two small diameter Cls, 10-2 and 10-3, 
driven by the long cercal filiform hairs initially inhibit the MNs. The following excitation of the MNs 
seems to be brought on by the large diameter Cls such as 8—1 (MGI) and 9-1 (LGI). 


teristics of cricket CIs by using a precisely con- 


Sy trolled air-current stimulus. This study revealed 7 


The cercal sensory system plays a significant role 
in triggering the escape behavior of both crickets 
and cockroaches [1-5]. The response properties of 
cercal sensory hairs and cercal interneurons (CIs) 
have been investigated [2, 3, 6-11]. In contrast to 
the number of studies of the cercal sensory hairs 
and the Cls, the functional connection between 
CIs and leg motoneurons (MNs) remains relatively 
poorly understood. Intracellular stimulation of a 
number of giant interneurons (GIs) [4, 12, 13, 22 
as well as directional wind puffs [14] revealed some 
parts of the excitatory connection between some 
Gls and the leg and flight MNs of cockroaches. 

Recently, we investigated the response charac- 
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pairs of cercal interneurons with distinctively 
different frequency threshold curves [11]. The 
frequency threshold analysis also revealed the 
length-specific convergence of cercal sensory hairs 
upon the different Cls [15, 16]. 

In this paper, we report the responses of cricket 
leg MNs to an air-current stimulus. When an 
air-current stimulus was given, the leg MNs inner- 
vating the depressor muscles and the MNs inner- 
vating the levator muscles of the trochanter of the 
mesothoracic leg showed a series of changes in 
spike discharge. The response pattern consisted of 
a brief inhibition, a prolonged 
inhibition, and habituation. 
showed a significant temperature dependency. 
The complexity of the response is obvious when it 
is compared to the response properties of Cls and 


an excitation, 
The response also 
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their sensory afferents. After examining the 
degree of the above mentioned properties, we 
measured the frequency threshold curves of the 
motor response under certain conditions. The fre- 
quency thresholds measured here indicate that two 
small diameter CIs, 10-2 and 10-3, are responsible 
for the brief inhibition at the beginning of the 
stimulus, and also suggest that large CIs such as 
8-1 (MGI) and 9-1 (LGI) play a part in the 
excitation of the MNs. 


MATERIAL AND METHODS 


Adult female crickets (Gryllus bimaculatus D.) 
reared in our laboratory were used in all experi- 
ments. Animal rearing procedures were identical 
to those reported in our previous paper as was the 
physiological solution [11]. 


Anatomy 


The innervation of the target muscles was ascer- 
tained under a dissection microscope after the vital 
staining by methylene blue. The number of MNs 
were diffusion-filled with nickel chloride (2 mol/l) 
from the proximal stumps of the cut end. Nickel- 
rubeanic acid precipitation [17] revealed the num- 
ber and position of the MN somata. 


Recordings 


The animal’s head, legs, ovipositor and wings 
were removed. The specimen was pinned to a 
small cork board with the ventral side up. The 
mesothoracic sternum was removed and the gan- 
glion was exposed. Around the region operated 
on, a wall of petroleum jelly was built by using a 
fine syringe so that inside would be filled with the 
saline. Spike activities of MNs were recorded with 
suction electrodes from the proximal stumps of 
nerve bundle N4Br1 and N5Br1 (Fig. 1B). 

The amplified signals of spike activity were fed 
into a data recorder (TEAC R—400) and stored on 
magnetic tapes. The spike signals were played 
back and transformed into 5V pulses (TTL level) 
by a window discriminator. A microcomputer 
(AIDAX 3000) converted the pulses into time-of- 
event data by means of a special purpose program. 
The spike discharge histograms were plotted with a 
time-bin of 200 msec after appropriate processing 


of the digitized data. The number of spikes elic- 
ited for 400 msec after the onset of each stimulus 
were counted as the response magnitude of MN 
excitation. The number of spontaneous spikes, if 
any, were subtracted. To mark the degree of 
suppression after the excitation, the decrease in 
spike discharge below the spontaneous level was 
calculated. 


Air-current stimulus and threshold measurement 


The stimulus was a sinusoidally alternating air- 
current produced by a miniature wind tunnel 
which consisted of a pair of push-pull driven 
loud-speakers. The specimen was set at the center 
of the tunnel and the air-current was always par- 
allel to the insect’s body axis and began to blow 
from anterior to posterior. A detailed description 
was given in our previous paper [11]. The stimulus 
intensity was calibrated in terms of the peak 
velocity of sinusoid. The range of stimulus param- 
eter was from 0.03 to 670 mm/sec in peak velocity 
and from 1 to 100 Hz in alternating frequency. 
The stimulus parameters could be controlled 
separately. Measurements of the minimum value 
of the peak velocity for response at a variety of 
frequencies gave a frequency threshold curve. A 
storage oscilloscope (Tektronix 5115) was em- 
ployed to monitor the responses. The super- 
imposed spike activity helped to distinguish the 
response synchronized with stimuli (Fig. 8B). 


RESULTS 


I. Anatomy 


Nerve bundle N4Brl of the mesothoracic gan- 
glion innervates the trochanter depressor muscles, 
and nerve bundle N5Br1 does the trochanter leva- 
tor muscles (Fig. 1A). The nickel filling revealed 
two MNs with axons in the N4Brl1 and 9 MNs in 
the NSBrl (Fig. 1B). One of the somata of the 
depressor MNs is at the antero-ventral surface of 
the ganglion and the other at the postero-dorsal 
surface. Seven of the somata of the levator MNs 
are at the antero-ventral surface and two of them 
are at postero-ventral surface of the ganglion. The 
number of large axons in the N4Br1 was 2 and that 
in the N5Br1 was 9 (Fig. 1C). 
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D Proximal 


Fic. 1. 


anterior 


ventral 
view 


A. Innervation of the depressor and the levator muscles of mesothoracic leg. cx: coxa; tr: 
trochanter; ap: apodeme; D: dorsal; V: ventral. 


B. Recording sites and positions of MN 


somata filled by nickel from N4Brl (open arrow and open somata) and from NSBr1 (filled arrow 


and filled somata). 
NS5Br1 (C2). Scale: 10 um. 


2. Responses of leg MNs to air-current stimuli 


When we applied a burst stimulus (670 mm/sec 
in peak velocity, 50 Hz alternating frequency, 200 
msec duration), both the depressor nerve and the 
levator nerve showed a series of responses of two 


Depress. | illii 


AKNAAANAA 100 ms 


Simultaneous recording from nerve N4Brl (top 
trace, depressor MNs) and N5Brl (middle trace, 
levator MNs) to air-current stimulus (lower trace, 
670 mm/sec in peak velocity, 50 Hz alternating fre- 
quency, 200 msec duration burst). 


Fic. 2. 


slow MN 


~ fast MN 


C. Photomicrographs of cross sections of nerve bundle N4Brl (C1) and 


units (Fig. 2). Small spikes were tonic, spon- 
taneously active, and represented the activity of 
slow MNs. Large spikes were 3-10 times as large, 
phasic, spontaneously inactive, and represented 
the response of fast MNs. The rate of spontaneous 
discharge of the slow MNs was fairly constant but 
fluctuated +2/bin (Figs. 3 and 6). At the begin- 
ning of the stimulus, spike discharges of the slow 
MNs were briefly suppressed (Fig. 8). After the 
brief inhibition of slow MNs, excitation of MNs 
occurred, if any (Figs. 2, 3 and 8A). The excitation 
lasts even after the cessation of stimulus. The slow 
MNs showed a post-excitatory suppression. The 
discharge rate either decreased below the spon- 
taneous level or was suppressed entirely for some 
seconds (Figs. 3 and 6). 


3. Habituation 

The number of spikes elicited in the excitation 
decreased when the burst stimulus was repeated 
(Fig. 4A). The responses to each of the successive 
stimuli diminished quickly when the inter-stimulus 


Fic. 3. A response of levator MNs (upper trace) indicating a post-excitatory suppression of the slow 


MN. 
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air-current stimuli (670mm/sec, 50Hz, 200 msec). 
Stimulus presentations are marked by dashes. Time 
bin: 200msec. Inter-stimulus interval: 2sec. B. 
Response magnitude (ordinate) plotted against the 
successive trial number (abscissa). Solid line: least- 
square regression for the first 10 trials. 


interval was short, and slowly when it was long. 
The decrease in responsiveness, whose rate de- 
pends upon the inter-stimulus interval, resembles 
the process of habituation. All four MNs (fast 
depressor, slow depressor, fast levator, slow 
levator) showed habituation to the air-current 
stimulus. 

To determine the magnitude of habituation, the 
number of spikes elicited for 400 msec after the 
onset of each stimulus (670 mm/sec, 50 Hz, 200 
msec) were counted, plotted against the successive 
stimulus number, and the regression line for the 
first 10 successive responses was calculated (Fig. 
4B). The regression line was then normalized by 
the first response in order to give responsiveness 
(Fig. 5). The slope of the normalized line express- 
es the rate of habituation. 

The habituation in each MN was examined at 
various inter-stimulus intervals (2, 5, 10, 20 and 30 
sec, Fig. 5). The amount of habituation depended 
upon the number of stimuli experienced, while the 
rate of habituation clearly depended upon the 
inter-stimulus intervals. In most cases, stimuli 
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with inter-stimulus intervals of 2-5 sec brought on 
a rapid habituation, whereas there was no habitua- 
tion to stimuli spaced 30 sec apart. 

The same MN from different animals showed 
different numbers of spikes in response to the 
same stimulus (Fig. 5, Al, A2 and B1, B2). One 
of the factors responsible for this response magni- 
tude seemed to be room temperature (see below). 


4. The post-excitatory suppression 


The spike discharges of the slow, spontaneously 
active MNs were suppressed after a bursting re- 
sponse to air-current stimuli (Fig. 6A, arrows). 
Spontaneous spiking recovered from this post- 
excitatory suppression after a certain length of 
time, but the recovery time differed in each case. 
The longest suppression lasted for 14 sec and 
during this time the spontaneous discharge (30/sec) 
was completely suppressed. The response magni- 
tude varied from preparation to preparation and 
occasionally varied even within a single prepara- 
tion. The degree of suppression depended upon 
the magnitude of the excitatory response (Fig. 
6B). 


5. Temperature dependency 


The responses of the four MNs to air-current 
stimuli were affected markedly by temperature 
change. Figure 7 shows changes in the responses 
of the four MNs recorded simultaneously. When 
the insect was brought into the experimental room 
at 23°C from the rearing room at 28°C, the four 
MNs responded to the air-current stimuli (Fig. 
7A). After 30 min, however, the responses in all 
MNs to the same stimuli greatly diminished (Fig. 
7B). The room temperature was then raised and 
reached at 28°C after 30 min. The responses of 
each MN recovered to some extent but not com- 
pletely even after 10 min at 28°C (Fig. 7C). 

In the experiments described hereafter, the 
room temperature was kept at 28-30°C, and the 
inter-stimulus interval was 30sec in order to 
exclude the above mentioned effects on MN 
response. 


6. Frequency-threshold curves of the inhibitory 
response of slow MNs 


A brief inhibition appeared in the slow MNs at 
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Fic.6. A. Examples of post-excitatory inhibition in slow MNs. Arrows: suppressions of spontaneity 


after a bursting response to stimulus (670 mm/sec, 50Hz, 200 msec). Time bin: 200 msec. Inter- 
stimulus interval: 30sec. Time scale bars: 10sec. B. Case probabilities of the post-excitatory 
inhibition in relation to response magnitude. Response magnitude: the number of spikes for 
400 msec after subtraction of spontaneous activities. Probability: percentage of trials showing a 
specified ranks of suppression. Ranks of suppression: inhibition, a decrease of more than 10) 
impulses below the spontaneous discharge; slight inhibition, a decrease of 5-9 impulses, no 
inhibition, a decrease of less than 4 impulses. N=55 from 6MNs from different animals. 
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7. Temperature dependency of MN response. 
Stimulus: 679mm/sec, 50Hz, 200msec. Inter- 
stimulus interval: 30sec. A. Responses at 5 min 
after a drop in temperature from 28°C to 23°C. B. 
30min after the drop in temperature. C. Incom- 
plete recovery of responsiveness, 10min after the 
room temperature had reached at 28°C. Abbrevia- 
tions, see Fig. 5. 
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8. Brief inhibition of slow MNs (arrows) at the 


beginning of stimulus. A. Inhibition at the begin- 
ning of burst stimulus (670mm/sec, 50Hz, 200 
msec). B,C, D. Inhibitions brought on by single 
stimulus. In B, 20 responses are superimposed. 
Time scale: 100 msec. 
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the beginning of the stimulus prior to the excita- 
tion (Fig. 8A). This inhibition was also apparent 
when single stimuli were applied (Fig. 8C, D). 
This inhibition was indistinct when the spon- 
taneous discharge rate was low (Figs. 2 and 3). 
The inhibition, if any, could be detected by super- 
imposed responses on a screen of the storage CRT 
(Fig. 8B). All slow MNs which were spontaneous- 
ly active showed the inhibition. The threshold 
intensity for an inhibition was measured at a 
variety of frequencies. The frequency-threshold 
curves measured were flat (Fig. 9). This suggests 
that the inhibition depends on the peak velocity of 
the stimulus air-current. The inhibition thresholds 
of the two slow MNs were similar, about 1.0 
mm/sec. 


Inhibition Threshold (mm/s) 
W 


100 


( Hz ) 


Fic.9. Threshold curves for the inhibition of slow 
MNs. Filled circles: slow levator MNs, open circles: 
slow depressor MNs. Ordinate: peak velocity of 
stimulus sinusoid. Abscissa: alternating frequency 
of air-current. Vertical bars: variations in measured 
samples, N=7 in S.D., N=5 in S.L. 


Frequency 


7. Frequency-threshold curves of the excitatory 
response 


While a burst stimulus reliably elicited the ex- 
citatory MN response, a single stimulus occasional- 
ly elicited no excitatory response. In order to 
eliminate the complications of response brought 
on by the burst stimulus, however, a single stimu- 
lus was used for the threshold curve measurement. 


Slow depressor MN Out of 13 slow depressor 
MNs used, 7 MNs gave sufficient responses to 
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Fic. 10. A. Frequency threshold curves for the excitation of depressor MNs measured from 
different animals. Filled circles: slow MNs. Open triangles: fast MN. a, b: two different groups 
of threshold curve in slow MNs. Dashed lines: iso-acceleration lines of 100, 500 and 1,000 mm/ 


sec’. 
values at 50 Hz. 


single stimuli to allow measurement of frequency- 
threshold curve. Two types of threshold curves 
were obtained from different animals, one with a 
low threshold and the other with a high threshold 
(Fig. 10A). When the mean slopes of the 
threshold curves between 5 and 50 Hz are plotted 
against the threshold values at 50 Hz, the two 
groups of threshold curve are apparently separated 
(Fig. 10B). Group “a” has high thresholds and 
positive slopes of about 15 dB/dec. Group “b” has 
low thresholds and negative slopes of about —20 
dB/dec. The slope of —20 dB/dec indicates that 


ye “S sal eal 
300 SL. ve ‘Ng ——e 
® Tenteesgtaer 
E . ‘ 
E eee 
AJ di 
fe) 
i 
@ 03 
a4 9 | 
i Haters xen 2 = 
aa Rae ae RT 100 
Frequency (Hz) 
Fic. 11. Frequency threshold curves for excitation of 


slow levator MN. 


B. Mean slopes of threshold curve (S—50 Hz) of depressor MNs plotted against threshold 


the excitation depends on the acceleration of stim- 
ulus air-current [11]. The threshold value of the 
MN is about 500 mm/sec’. 


Fast depressor MN 
the fast depressor MN used, only one case gave a 
threshold curve (Fig. 1OA, open triangle). The 
threshold curve obtained was similar to those of 
group “b” among the slow depressor MNs. The 
slope of the curve was about — 20 dB/dec. 


Out of 13 preparations of 


Slow levator MN A total of 10 slow levator 
MNs were used for the threshold curve measure- 
ment. Three MNs gave threshold curves (Fig. 11). 
They differed from each other, although they 
resembled those of group “a” in the slow depressor 
MNs. 


Fast levator MN Out of a total of 10 fast 
levator MNs, we could elicit no response to single 
stimull. 


8. Comparison of the threshold curves between 


MNs and Cls 


In Figure 12, the frequency threshold curves of 
the MNs are compared with those of Cls previous- 
ly measured [11]. The comparison indicates that 
only the T-type CIs, 10-2 and 10-3, could be 
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Fic. 12. Comparison of frequency threshold curves be- 
tween MNs (solid lines) and Cls (dashed lines) from 
the previous paper [11]. The code numbers of Cls 
are indicated at right. U: morphologically uniden- 
tified CI. The threshold curves of MNs were drawn 
for the lowest values in Figs. 9, 10 and 11. inhibit.: 
threshold for inhibition of slow MNs. a, b: sub group 
of threshold type in S.D. Other abbreviations, see 
Rig.) 


responsible for the brief inhibition of slow MNs at 
the beginning of the stimulus. Neither P- nor 
PT-type Cls respond at the threshold of the inhibi- 
tion, especially at low frequencies. Furthermore, 
the inhibition of slow MNs and the response of the 
T-type CIs are both velocity dependent, although 
the inhibition thresholds of MNs are 20 dB higher 
than those of CIs. The excitatory inputs to MNs 
are acceleration dependent. Hence the accelera- 
tion dependent P- or PT-type CIs, especially 9-1 
(LGI) and 8-1 (MGI), are strong candidates for 
the providing the excitatory inputs to the MNs. Of 
course the T-type Cls also fire in such conditions. 


DISCUSSION 


The sensory information about the air-current 
around the body, a key stimulus for escape be- 
havior, is primarily detected by cercal filiform hairs 
and then transmitted to CIs. Our previous ex- 
amination using a precisely controlled sinusoidal 
air-current [11] has already revealed that each CI 
has a distinctive frequency threshold curve (Fig. 
12). A CI transmits the information of a specific 
physical quantity of air-current such as velocity, 


acceleration and direction. We also examined the 
bases of functional differences in cercal filiform 
sensilla and Cls [15, 16]. Our work revealed that 
the large diameter CIs such as 8-1 and 9-1 are 
acceleration sensitive and receive excitatory input 
from the short, acceleration sensitive hairs, where- 
as two small diameter CIs referred to as 10-2 and 
10-3 are velocity sensitive and receive excitatory 
input specifically from the long, velocity sensitive 
filiform hairs. It has already been established that 
wind acceleration is a crucial cue by which the 
cockroach escape system discriminates a moving 
object from the background fluctuation of atmo- 
sphere [18]. The large diameter Cls in crickets are 
therefore good candidates for the evasion com- 
mand. 

For the first step of our study, we chose the 
depressor and the levator MNs of the mesothoracic 
trochanter because they were conveniently moni- 
tored extracellularly. In N4Brl (depressor bun- 
dle), only two motor axons are running. Their 
spike magnitude and response properties match 
well; tonic discharge of small amplitude spikes and 
phasic discharge of large amplitude spikes [4, 19, 
20]. Two unit activities are clearly distinguishable. 
The N5Brl (levator bundle), however, contains 9 
MN axons. 

The responses of these MNs to air-current were 
more complicated than those observed in CIs and 
their filiform afferents. In post-excitatory suppres- 
sion, habituation and temperature effects compli- 
cated the response. Upon examining these prop- 
erties, we were able to measure a few types of 
threshold curves, for brief inhibition of slow MNs 
and for excitation. The results support the hypoth- 
esis that the excitation of MNs 1s brought on by the 
large diameter CIs driven by the short, accelera- 
tion sensitive cercal hairs. The threshold measure- 
ment also indicates that the slow MN receives an 
inhibitory connection with velocity sensitive Cls 
most probably 10-2 or 10-3. 

The MNs habituated to a repetitive air-current 
stimulus. Although the rate of habituation varied 
with the inter-stimulus intervals, all MNs show a 
definitely high rate of habituation. By contrast, no 
CIs showed habituation even with inter-stimulus 
intervals of 1 sec [11]. The habituation therefore 
takes place somewhere in the neuronal network 
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between the CIs and the MNs. In contrast, habit- 
uation in the crayfish escape system takes place 
between sensory afferents and giant interneurons 
[21]. 

When the response magnitude of an MN is high, 
the rate of habituation clearly depends on the 
inter-stimulus interval. If the response magnitude 
is small, however, the relationship is not clear 
since the response fluctuated after long inter- 
stimulus intervals. Although the fluctuation re- 
sulted in a wide variation of the normalized re- 
sponsiveness to long-interval stimuli (Fig. 5C, D), 
an inter-stimulus interval of 30 sec brought on no 
habituation of the MN response. The inter- 
stimulus interval used in the activation of cock- 
roach leg MNs by electrical stimulations of giant 
interneurons [4] was 20 sec, and habituation of the 
MN response has not been reported, except in the 
case of interneuron GI-1 [22]. 

All MNs habituate regardless of the response 
magnitude when the inter-stimulus interval is 
short, 2 or 5 sec. The rate of habituation seems to 
be MN specific and independent of response mag- 
nitude (Fig. 5, Al, A2, and B1, B2). 

The behavioral pattern of poikilotherms changes 
according to temperature [23], and temperature 
has been shown to affect neural activity in insects 
[24, 25]. In the cricket leg too, the motor pattern 
elicited by air-current stimuli changes with temper- 
ature. A drop in temperature results in a delayed 
and long lasting suppression of MN activities. 
There are two possible ways for temperature to 
affect the nervous system : by means of thermore- 
ceptors [26, 27] and by a direct effect on the 
membrane properties of neurons [24]. Yet, so far 
as we have examined, neither Cls nor their cercal 
afferents show conspicuous changes in response to 
variations in temperature. The site of the temper- 
ature effect on MN activity therefore seems to be 
located in the motor circuit beyond the Cls. 

In many preparations the MN thresholds were 
so high that we could not measure them, although, 
in some preparations threshold curves comparable 
with those of CIs were measured. Furthermore, 
the slow depressor MNs showed two different 
types of threshold curve. These facts suggest that 
the neural pathway from CIs to MNs switches 
between at least two different states. No obvious 


condition responsible for switching to the low 
threshold predisposition has yet been discovered, 
except that the temperature must be higher than 
28°C. Preparations dissected and pinned on a solid 
object for recording seem predisposed to respond 
to air-current stimuli by struggling or distress 
akinesis rather than by leaping. The threshold 
curves obtained for the slow levator MN are 
similar to those of group “a” of the slow depressor 
MN. This, however, does not exclude the possibil- 
ity that the slow levator MNs have another more 
sensitive threshold as in group “b” of the slow 
depressor MNs. 

Plummer and Camhi [18] reported wind accel- 
eration as a key stimulus for triggering the escape 
behavior in the cockroach. The behavioral 
threshold value reported was 600 mm/sec for run- 
ning and 300 mm/sec* for a pause in ongoing 
walking. The excitation of the slow depressor 
(group “b”) and the fast depressor MN in the 
cricket leg was also acceleration dependent. The 
threshold value of acceleration is very similar to 
that of the cockroach—about 500 mm/sec” (Fig. 
10). 

The escape behavior is mainly leaping in crickets 
and running in cockroaches. It may be a reason 
that the air-current stimulus elicited a single burst 
response on the cricket leg MNs and a rhythmic 
train response on the cockroach ones [20, 28]. In 
leaping, the metathoracic legs play a main role as 
power supply. The mesothoracic legs also showed 
wind related responses. This suggests that the 
leaping requires not only the motion of metatho- 
racic legs but also the coordinated activities of 
other parts of body. 

From the threshold curves of cricket Cls, we 
previously predicted [11] that the acceleration 
sensitive Cls trigger the escape motor circuit, and 
that the velocity sensitive Cls either give an early 
warning or predispose the motor circuit in advance 
of any signal carried by the large diameter Cls. 
Our working hypothesis is now partly proved: the 
velocity sensitive CIs inhibit MNs to a considerable 
degree. This inhibition secures a reset or a ter- 
mination of the preceding motor patterns in which 
the MNs are involved, and ensures the effect of the 
following excitation brought on by acceleration 
sensitive CIs. In the cockroach cercal system, 
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identified CIs provide input to the MNs [4, 13, 14, 
22]. Among the identified CIs in cricket, 10-2, 
10-3, 8-1 and 9-1 are the most probable candi- 
dates involved in the MN response described here. 
However, Dagan and Parnas [29] suggested small 
unidentified interneurons involved in the escape 
system of the cockroach. Therefore contributions 
of small unidentified interneurons could not be 
excluded in the cricket. This possibility should be 
tested by cell killing and the work is remained for 
future. 

Any air-current stimulus which elicits a response 
in the acceleration sensitive CIs (8—1 and 9-1) has 
already triggered responses in the velocity sensi- 
tive CIs (10-2 and 10-3) because the thresholds of 
the velocity sensitive CIs are lower than those of 
the acceleration sensitive ones [11]. Therefore, we 
can not exclude a possibility that the responses of 
CIs 10-2 and 10-3 are prerequisites for the excita- 
tion of MNs by the acceleration sensitive CIs. 
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Crayfish Local Bilateral Spiking Interneurons: Role in 
Contralateral Uropod Motor Pattern Formation 


TOsSHIKI NAGAYAMA and MITUHIKO HISADA 


Zoological Institute, Faculty of Science, Hokkaido University, 
Sapporo 060, Japan 


ABSTRACT— Both touching the exopodite and stimulating electrically the second root afferents of the 
terminal abdominal ganglion of the crayfish Procambarus clarkii Girard caused the reciprocal activation 
of the contralateral uropod motoneurons: spontaneous discharge rate of the closer Red MN No. | 
increased and that of opener motoneurons decreased. This reciprocal motor pattern was formed by the 
local circuitry within the terminal abdominal ganglion. Since neither the second root afferents nor the 
motoneuron dendrites did cross the midline of the ganglion, transmission of sensory inputs across the 
midline was investigated by intracellular current injection and staining of related neurons. We found 
local bilateral spiking interneurons (LBSNs) which extended their branches bilaterally in the ganglion. 
They received excitatory inputs, presumably monosynaptically, from the second root afferents on their 
somata side. They could form the reciprocal activity of the antagonistic uropod motoneurons on the 
contralateral side to their somata when current was injected intracellularly. Artificial depolarization of 
the LBSNs increased spike activity of the Red MN No. | and decreased that of opener motoneurons. 
We hence concluded that the LBSNs transmit the sensory inputs to the contralateral uropod 
motoneurons. Four types of structurally and physiologically distinct LBSNs were discriminated. Many 
of them seemed to be functionally polarized and had separate input (=soma side) and output (= 
contralateral side) branches. Their role in the neural circuitry for the contralateral uropod motor 
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pattern formation in response to the sensory stimulation of the tailfan was discussed. 


INTRODUCTION 


One of the most fruitful consequences of the 
intracellular recording and staining analyses in 
arthropod central nervous system has been the 
functional characterization of local non-spiking 
interneurons. Many of them function as_ pre- 
motor elements in the control of both rhythmic 
and episodic movement [1-4]. 

However, recent studies have demonstrated that 
not all the local interneurons are non-spiking. 
Spiking local interneurons are also found in var- 
ious arthropod species [5-8 in cricket: 9-12 in 
locust: 13 in crayfish]. Their functions have so far 
been analyzed in terms of the sensory processing. 
For example, the “omega” cell is involved in 
cricket auditory system and seems to play a role in 
sound localization [e.g. 8]. On the other hand, 
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some bilateral-type spiking local interneurons in 
crayfish have motor output as indicated by current 
injection experiment [13]. There is, however, only 
a small body of evidence which suggests their role 
as pre-motor elements. 

We analyzed in this study the response of con- 
tralateral uropod motoneurons to the sensory stim- 
ulation of the tailfan. We show that at least four 
types of local bilateral spiking interneurons 
(LBSNs) contribute to transmit the sensory inputs 
across the midline and control the contralateral 
uropod motoneuron activity. The transmission of 
sensory inputs via these LBSNs has been investi- 
gated electrophysiologically. 


MATERIALS AND METHODS 


Animals and preparations 


Adult male and female crayfish Procambarus 
clarkii Girard measuring 6 to 10cm in length from 
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rostrum to telson were used in all experiments. 
The abdomen was isolated and pinned ventral side 
up in van Harreveld [14] solution. The dissection 
procedure has been described in detail previously 
[15]. The terminal (sixth) abdominal ganglion was 
exposed by removing the ventral aorta together 
with overlying connective tissue, and stabilized on 
a silver plate. 


Extracellular recordings 


Spike activity of the motoneurons innervating 
the uropod muscles was monitored by the ex- 
tracellular oil-hook electrodes [16]. Activity of 
closer motoneurons was recorded from the second 
root motor bundle just proximal to its bifurcation 
to the reductor and to the adductor exopodite 
muscles. Activity of opener motoneurons was 
recorded from the third root motor bundle just 
distal to its bifurcation to the ventral rotator and 
the abductor exopodite muscles. In quiescent ani- 
mals, both the closer reductor motoneuron No. 1 
(Red MN No. 1) and one to four slow opener 
motoneurons were usually discharging spikes ton- 
ically. 

Another extracellular oil-hook electrode was 
placed on the second root nerve bundle contra- 
lateral to the motoneuron recording side in order 
to stimulate the afferents which innervated the 
exopodite [17] electrically. In some preparations, 
oil-hook electrode for stimulation was also placed 
on the second root sensory bundle ipsilateral to the 
motoneuron recording side. 


Intracellular recordings 


Intracellular recordings were made in the ter- 
minal ganglion neuropil with microelectrodes filled 
with 3 or 5% solution of Lucifer yellow CH with 
Q.1 M lithium chloride [18] (resistance: >150 MQ) 
or 2.5 M potassium acetate (resistance: 40-80 
MQ). The constant polarizing current could be 
injected into the penetrated cell through the re- 
cording electrode by a bridge circuit. 

Following the physiological study, neuron mor- 
phology was obtained with Lucifer stain [19]. 


RESULTS 


Contralateral uropod motor pattern formation 


Either mechanical or electrical stimulation of 
the uropod on one side induced the reciprocal 
activation of the antagonistic motoneurons inner- 
vating contralateral uropod muscles. Spontaneous 
discharge frequency of the contralateral closer, 
Red MN No. 1 was increased and that of the 
Opener motoneurons was decreased by light 
touches to the exopodite (Fig. 1A). This recipro- 
cal motor activation was also elicited by electrical 
stimulation of the second root afferents (Fig. 
1B-1). Even after the abdominal 5—6 connectives 
were cut, reciprocal motor pattern by the root 
shock remained essentially unaltered (Fig. 1B-—2). 


Structure and function of LBSNs 


Neither the second root afferents nor the uropod 


0.5s 


Fic. 1. Contralateral uropod motor pattern formation. 
A: Light touches to the exopodite (indicated with 
arrowhead) elicited the decrease in the discharge 
frequency of the opener motoneurons (1st trace) 
and the increase in that of the closer, Red MN No. 1 
(2nd trace) on the contralateral side. B1: Electrical 
stimulation of the second root afferents (indicated 
with dot) elicited similar reciprocal motor activa- 
tion. B2: Cutting the abdominal 5-6 connectives 
left the reciprocal motor pattern essentially un- 
altered. The shape of the Red MN No. 1’s spike 
(2nd trace) changed due to the displacement of the 
electrode. 
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motoneuron dendrites did cross the midline of the 
terminal abdominal ganglion [15, 17, 20]. Thus, 
the sensory inputs from the exopodite must be 
transmitted via some intercalating neuron(s) to the 
contralateral uropod motoneurons. 

One of possible candidates for intercalating 
neuron was local bilateral spiking interneuron 
(LBSN). Four types of structurally and physio- 
logically distinct LBSNs were discriminated. 


Type-| LBSN We twice penetrated type-I 
LBSN. This LBSN extended branches bilaterally 
(Fig. 2A). The branches on both sides were spa- 
tially separated and connected with an unbranched 
thin process. Main branches on the soma side 
were projected anteriorly, laterally and posteriorly 
within the ventral half, while those on the contra- 
lateral side extended only laterally and posteriorly 
within the dorsal half of the ganglion. 

Type-I LBSN was usually silent in a quiescent 
animal. When the exopodite on the soma side was 
mechanically stimulated, the LBSN was activated 
through the second root afferents and the contra- 
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lateral Red MN No. 1 also increased its spike 
activity (Fig. 2B). Electrical stimulation of the 
afferents also activated the LBSN: it responded 
with small (<8 mV) spike on large (>15 mV) 
EPSP (Fig. 2C). The latency from the stimulus to 
the EPSP onset was about 5.5 msec. Spikes of this 
LBSN elicited by 2 nA depolarizing current injec- 
tion increased the contralateral Red MN No. 1 
activity (Fig. 2D). 


Type-ll LBSN We penetrated five type-II 
LBSNs in different preparations. This LBSN dis- 
played H-shape structure which is distinct from 
that of type-I LBSN. Fine branches on the soma 
side were smooth and those on the contralateral 
side had numerous varicosities (Fig. 3A). 

This LBSN was also silent in a quiescent animal 
and received excitatory inputs from the second 
root afferents on the soma side. This responded 
with small (<4 mV) spike on large (>10 mV) 
EPSP (Fig. 3B-1). The latency was between 3.9 
and 5.5 msec. This LBSN received inhibitory in- 
puts from the second root afferents on the contra- 
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Morphology and physiology of Type-I LBSN. A: Type-I LBSN stained with Lucifer yellow 


and viewd ventrally in a whole mount preparation. Anterior is to the top. Arrow: penetration 
site of the recording electrode (see [15]). B—C: Response of type-I LBSN to sensory stimulation 
B: When the left exopodite was mechanically stimulated (arrowhead), the type-I LBSN (2nd 
trace) was activated through the left second root afferents (3rd trace) and the right Red MN No. | 
(Ist trace) also increased its activity. C: Electrical stimulation (dot) of the left second root 
afferents also activated the LBSN. D: Effect of current injection into LBSN upon spike activity 
of Red MN No. 1. Intracellular injection of 2nA depolarizing current (upward deflection in 3rd 
trace) into the LBSN (2nd trace) increased the spike frequency of the right Red MN No. | (Ist 


trace). 
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Morphology and physiology of Type-II LBSN. A: Type-II LBSN viewed ventrally. 


Anterior is to the top. B: Response of type-II LBSN to sensory stimulation. B1: 
Electrical stimulation of the left second root afferents (dot) activated the LBSN. The 
LBSN responded with small spike (indicated with arrowhead) on large EPSP. B2: 
Electrical stimulation of the right second root afferents (dot) elicited the membrane 
hyperpolarization of the LBSN. C: Effect of current injection into LBSN upon spike 
activity of the Red MN No.1 on both sides. C1: Intracellular injection of inA 
depolarizing current (upward deflection in 4th trace) into the LBSN (3rd trace) slightly 
increased the spike frequency of the right Red MN No. 1 (1st trace). C2: With 5nA 
depolarizing current, spike frequency of the right Red MN No. 1 was more increased. 
C3: Even with 10nA depolarizing current, left Red MN No. 1 (2nd trace) showed no 


detectable change. 


lateral side to the soma (Fig. 3B—2). The IPSP had 
rather small amplitude and long latency (=about 
10msec). Current injection revealed that this 
LBSN had postsynaptic effect only upon the Red 
MN No. 1 on the contralateral side to the soma. 
When 1nA depolarizing current was injected, 
spike frequency of the Red MN No. 1 on the 
contralateral side was slightly increased (Fig. 
3C-1). With 5nA depolarizing current, it was 
more increased (Fig. 3C-2). However, we could 
not recognize any noticeable change in the spike 
activity of the ipsilateral Red MN No. 1 even with 
current of more than 10 nA (Fig. 3C-3). 


Type-III LBSN Four type-III LBSNs were en- 


countered. Their gross morphology was rather 
similar to that of type-I LBSN: main branches on 
the contralateral side to the soma were projected 
only laterally and posteriorly. However, physio- 
logically, we classified them into two distinct 
classes. Type-III LBSN was spontaneously dis- 
charging spikes at the resting potential. 

In two cases, we analyzed the response of the 
type-III LBSN to the bilateral sensory stimulation. 
In response to the root shock on the soma side, 
spontaneous spike discharge of both the LBSNs 
was increased (Fig. 4B—1). The EPSP could be 
easily distinguished by injecting 1 nA hyperpolar- 
izing current (Fig. 4B-2). The latency was be- 
tween 3.6 and 6.1 msec. But when the afferents on 
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Fic. 4. Morphology and physiology of Type-III LBSN. A: Type-III LBSN viewed ventrally. Anterior 
is to the top. B—C: Response of type-III LBSN to sensory stimulation. B1: In response to the root 
shock (dot) on the left side, spontaneous spike discharge of the LBSN (2nd trace) was increased 
corresponding to the increase in the spike frequency of the right Red MN No. | (Ist trace). B2: 
The EPSP was distinguished by the injection of 1nA hyperpolarizing current into the LBSN. Cl: 
In response to the root shock (dot) on the right side, the membrane potential of the LBSN was 
continuously hyperpolarized while the spikes followed each shocks. C2: The LBSN responded with 
spike first and then showed IPSP by the root shock (dot). D: Effect of current injection into LBSN 
upon spike activity of the Red MN No. 1 on both sides. D1: Injection of 1 nA depolarizing current 
(upward deflection in 4th trace) into the LBSN (3rd trace) increased the spike frequency of the right 
Red MN No. 1 (lst trace). D2: Even with 5nA depolarizing current, left Red MN No. 1 (2nd 


trace) showed no detectable change. 


the contralateral side were stimulated, only one of 
them showed hyperpolarizing response. Another 
one showed more complex membrane potential 
change. When the root shock was given, it re- 
sponded with spike first and then showed slow 
(duration >100 msec) IPSP (Fig. 4C-2). The 
membrane potential was continuously hyperpolar- 
ized while the spikes followed each shocks (Fig. 
4C-1). Injection of 1 nA depolarizing current into 
this LBSN increased the spike frequency of the 
Red MN No. 1 on the contralateral side only (Fig. 
4D-1), the ipsilateral Red MN No. 1 showed no 
noticeable activity change even if SnA depolar- 
izing current was injected (Fig. 4D-2). 


Type-IV LBSN The LBSN of another struc- 
ture was recorded just once. Soma was located at 
the ventral ridge of the postero-lateral portion of 
the ganglion (Fig. 5A). A fine process emerged 
from the soma and gave rise to the abundant 
arborization in the neuropil. Major branches were 
on the soma side, but some branches crossed the 
midline and projected into the contralateral half of 
the ganglion. 

This LBSN was silent in a quiescent animal and 
was excited by the root shock on the soma side: 
this responded with 20mV spike on 10mV EPSP 
(Fig. 5B). The EPSP latency was about 7 msec. 
When 1nA depolarizing current was injected, 
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Morphology and physiology of Type-[V LBSN. A: Type-IV LBSN viewed ventrally. Ante- 


rior is to the top. B: Electrical stimulation of the ieft second root afferents (dot) activated the 
LBSN. The LBSN responded with large spike on small EPSP. C: Intracellular injection of 1nA 
depolarizing current (upward deflection in 3rd trace) into the LBSN (2nd trace) decreased the 
spike frequency of the right opener motoneurons (1st trace). 


spike activity of the opener motoneurons on the 
contralateral side was decreased (Fig. 5C). 


Synaptic events on uropod motoneurons 


In response to the root shock, contralateral Red 
MN No. 1 showed a sustained change in mem- 
brane potential (Fig. 6A—1). This membrane de- 
polarization (=S5S-10mV) showed slow rising 
phase, long duration and gradual decline. The 
latency from the stimulus to the EPSP onset was 
variable in different preparations and in the range 
of 5.2-14.9 msec. 


Fic. 6. 


The synergistic, fast adductor motoneuron (Add 
MN) was also depolarized by the root shock. The 
latency was 4.9 to 8.6 msec (7.1+1.2 msec; n=8), 
and was on average about 1.5 msec longer than the 
mean latency of the EPSP occurring in the LBSNs 
(5.6+1.2msec; n=11). In many cases, Add MN 
received compound EPSP which showed long 
duration. When the Add MN was depolarized 
intracellularly, EPSP amplitude was decreased. 
Conversely, EPSP amplitude was increased when 
hyperpolarizing current was injected (Fig. 6A—2). 

Slow opener motoneuron, on the other hand, 
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Response of uropod motoneurons to sensory stimulation. A: Response of closer 


motoneurons. Al: In response to the root shock on the left side (dot), the right Red MN No. 1 
showed sustained membrane depolarization. A2: Long, compound EPSP was recorded from the 
Add MN by the root shock (dot). EPSP amplitude was increased by hyperpolarization and 
decreased by depolarization at the site of recording. B: Response of opener motoneurons. B1: In 
response to the root shock on the left side (dot), the right slow opener motoneuron showed the 
sustained membrane hyperpolarization. B2: IPSP of the fast opener motoneuron by the root shock 
(dot) was reversed by the passage of hyperpolarizing current. 
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showed a sustained membrane hyperpolarization 
(=2-8 mV) in response to the root shock (Fig. 
6B-1). The latency in different preparations was 
in the range of 8.3-19.8msec. Fast opener 
motoneuron also received an IPSP. The IPSP 
amplitude was decreased by the injection of 1nA 
hyperpolarizing current and reversed by 2nA cur- 
rent (Fig. 6B—2). The latency was between 6.7 
and 11.2msec (8.5+1.3 msec; n=12) and was 
about 1.4 msec longer than the mean latency of the 
EPSP in the Add MN. 


Synaptic events on LNSNs 


Unilateral local non-spiking interneurons 
(LNSNs) also received sensory inputs from the 
contralateral second root afferents. Some LNSNs 
which made non-inverting connection to the Red 
MN No. 1 (Fig. 7A-1) received a depolarizing PSP 
and showed continuous membrane depolarization 


=2-SmV) in response to the root shock (Fig. 
7A-2). This depolarization reflected an increase 
on the closer activity and a simultaneous decrease 
on the opener activity. Since the LNSNs’ mem- 
brane potential change of only a few millivolts 
would be sufficient to produce a measureable 
change in transmitter release [21], these LNSNs 
could increase the Red MN No. 1 activity by 
receiving excitatory inputs from the contralateral 
afferents. The latency was between 4.6 and 8.2 
msec (6.9+ 1.4msec; n=5S). 

Other LNSNs which made inverting connection 
to the Red MN No. 1 (Fig. 7B-1) received a 
hyperpolarizing PSP showing continuous mem- 
brane hyperpolarization (=2-10mV) when stimu- 
lated (Fig. 7B-3). The latency was variable and in 
the range of 9.5—33.4 msec. In many LNSNs (= 
75%) of inverting ones, artificial hyperpolarization 
increased the Red MN No. | activity (Fig. 7B—2). 
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injection of 1nA depolarizing current (upward deflection in 4th trace) into the LNSN on the right side (3rd 
trace) increased the spike frequency of the right Red MN No. 1 (2nd trace) and decreased that of the opener 
motoneurons (1st trace). A2: In response to the root shock on the left side (dot), the LNSN showed the 
continuous membrane depolarization corresponding to the increase in the Red MN No. 1 activity. B: 
Response of an inverting LNSN. B1: Injection of 1nA depolarizing current into the right LNSN decreased 
the right Red MN No. 1 activity. B2: Injection of 1nA hyperpolarizing current (downward deflection in 3rd 
trace) increased the Red MN No. | activity. B3: In response to the root shock on the left side (dot), the 
LNSN showed the continuous membrane hyperpolarization corresponding to the increase in the Red MN 
No. 1 activity. C: Simultaneous intracellular recordings from the LBSN and the inverting LNSN. Cl 

Morphology of recorded type-II LBSN. C2: Electrical stimulation of the left second root afferents (dot) 
elicited the membrane hyperpolarization of the LNSN (upper) and the membrane depolarization of the LBSN 
(lower). C3: Correlation between the spike activity of the LBSN and the membrane potential change of the 
LNSN. The PSP amplitude of the LNSN (2nd trace) was very small when the type-II LBSN (3rd trace) failed 
to produce a spike following the root shock (dot) which increased the Red MN No. | activity (Ist trace) 
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Thus, their continuous membrane hyperpolariza- 
tion by the root shock was also responsible to the 
increase in the Red MN No. | activity. 

After physiological characterization of the in- 
verting LNSN, type-II LBSN (Fig. 7C-1) was im- 
paled by the second electrode and simultaneously 
recorded. Since the latency from the stimulus to 
the onset of the LBSN PSP was about 4 msec and 
that of the LNSN was about 11 msec (Fig. 7C-2), 
there seems to be no direct connection between 
them. However, a close correlation was found 
between the LBSN’s spike activity and the LNSN’s 
membrane potential change (Fig. 7C-3). The PSP 
amplitude of the LNSN was very small when the 
type-II LBSN failed to produce a spike following 
the root shock (asterisk in Fig. 7C-3). 


DISCUSSION 


The reciprocal activation of the contralateral 
uropod motoneurons in response to the sensory 


TABLE 1. Summary of the functional and 


stimulation of the second root afferents was 
formed by the local circuitry within the terminal 
abdominal ganglion since it could be reproduced 
even after abdominal 5—6 connectives were cut 
(Fig. 1B). Irrespective of animals’ size or sex, this 
reciprocal motor pattern was almost exclusively 
elicited. In only 11 cases of 263 preparations 
(4%), we observed exceptional reversal activation: 
Opener motoneurons were excited and Red MN 
No. 1 was inhibited. 


Functional characterization of LBSNs 


Four types of structurally and physiologically 
distinct local bilateral spiking interneurons 
(LBSNs) were discriminated in this study (Table 
1). They extended branches bilaterally in the 
ganglion. They received excitatory inputs from 
the second root afferents on the soma side. Their 
artificially elicited spike activity increased the dis- 
charge frequency of closer Red MN No. 1 and 
decreased that of opener motoneurons on the 


structural characteristics of the LBSNs 


type I II Ill IV 
numbers encountered 7, 5 4 1 
input 

soma side EPSP EPSP EPSP EPSP 
opposite side 2 IPSP IRSRS 2 
spike rate 
(spike/EPSP >1) NO NO NO WES 
spont discharge NO NO LOSS NO 
output 
soma side NO NO NO ? 
contra side YES YES YES WES 
bridge NiE)S MES YES NO 
branching pattern 
soma side 
anterior YES YES YES YES 
lateral YES WES YES YES 
posterior NES WES YES NO 
opposite side 
anterior NO NaS NO YES 
lateral WES NaS NOES NO 
posterior YES LORS YES YES 


? Not examined. 


“only 1 case received both excitatory and inhibitory inputs (see Fig. 4). 
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contralateral side. We hence concluded that these 
LBSNs serve in transmission of the sensory inputs 
across the midline and formation of the reciprocal 
activity pattern of the contralateral uropod 
motoneurons. 

Type [-Ill LBSNs showed a common basic 
structure that their branches on both sides were 
spatially separated. In many cases, they only re- 
ceived excitatory inputs from the afferents on the 
soma side and affected the uropod motoneurons 
on the contralateral side. They usually responded 
with less than SmV spike on EPSP of more than 
15 mV, while type-[V LBSN which did not display 
separate bilateral branches responded with more 
than 20mV spike on less than 10mV EPSP (cf. 
Figs. 2 and 5). Although not all the LBSNs were 
analyzed in regard of the bilateral input-output 
relation and we did not record the LBSNs on the 
contralateral side to their somata, the obtained 
morphological and physiological results supported 
the idea that these LBSNs are functionally po- 
larized and had separate input (=soma side) and 
output (=contralateral side) branches as prelimi- 
narily suggested by Reichert et al. [13]. 

However, the structural types of the LBSNs 
shown in this paper are not exhaustive. Reichert er 
al. [13] have reported several other structures of 
the LBSNs in the same ganglion. It is, therefore, 
possible to assume that there are other functional 
types of the LBSNs in the ganglion. 


Input connection to LBSNs 


The latency from the stimulus to the onset of the 
EPSP was between 3.6 and 7.4msec (5.6+1.2 
msec; n=11). In 5 preparations, we intracellular- 
ly recorded the second root afferent. The average 
conduction velocity of the afferents was 1.2+ 
0.3 m/sec. Since the distance between the point of 
stimulating the second root nerve bundle and the 
point at which second root enters the ganglion was 
3 to 6mm, 2.5 to 5 msec delay can be estimated. If 
we assume the conduction time of the afferent 
spike within the ganglion, the value of the LBSNs’ 
latency would be reasonable to postulate the 
monosynaptic connection between the afferents 
and the LBSNs. Furthermore, EPSP latency of 
the one of identifiable local non-spiking inter- 
neurons, LDS [19, 20] was 4.2 to 7.4msec (5.4+ 


1.1 msec; n=6) in this study. Since the LDS was 
assumed to receive the synaptic inputs monosynap- 
tically from the uropod [22], the similar value of 
the mean latency of the LBSN (Table 2) also 
supported the monosynaptic nature of the affer- 
ent-LBSN synapse. Further detailed study such as 
simultaneous recordings from the afferent and the 
LBSN ts yet needed to clarify this point. 


Output connection from LBSNs 


The mean latency of both the EPSP in the Add 
MN and the depolarizing PSP in the non-inverting 
LNSN was very similar and on average about 
1.5 msec longer than the mean latency of the EPSP 
occurring in the LBSNs (Table 2). 
that this was the conduction time necessary for the 
sensory inputs from the LBSNs to cross the mid- 
line and arrive at its synaptic site to the postsynap- 
tic neurons on the contralateral side, the synaptic 
delay should be less than I msec. Both the Add 
MN and the non-inverting LNSNs thus seem to 
receive the sensory inputs monosynaptically from 
the LBSN. 

In the Red MN No. 1, however, it was frequent- 
ly difficult to distinguish a discrete PSP from its 
slow membrane depolarization and its EPSP laten- 


If we assume 


TABLE 2. Comparison of latency from the 
second root afferents to the various inter- 
and motoneurons 


type number mean latency (ms) 
LBSN 1] 5.6+1.2<3.6-7.4>° 
LDS 6 5.441.1<4.2+-7.4> 
Closer MN 
Add MN 8 7.14+1.2<4.9-8.6> 
Red MN 5(4)§ 10.94+3.8<5.2-14.9> 
Opener MN 
fast MN 12 8.5+1.3<6.7-11.2> 
slow MN 9 (4) 12.44+3.5<8.3-19.8> 
LNSN 
d-PSP* 5 (3) 6.9+1.4<4.6-8.2> 
h-PSP” 8(3) 14.94+7.6<9.5-33.4 


* Depolarizing PSP-evoke LNSN 

> Hyperpolarizing PSP-evoke LNSN 

©“ Very weak response followin ctri 
root shock. 

4 Minimum and maximum va 
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cy was variable among preparations (Table 2). 
This must be attributed to both the parallel path- 
way connection in the circuitry and the electrode 
penetration site. Since some Red MN No. 1 
showed the similar value of the latency to that of 
the Add MN, the Red MN No. | also seems to 
receive the sensory inputs monosynaptically from 
the LBSN. However, since the dendritic branches 
of the Red MN No. 1 was rather thinner than those 
of the Add MN [15], delayed potential change via 
LNSNs might be only observed by the fortuitous 
electrode penetration. Compared the latency be- 
tween both the opener motoneurons and the in- 
verting LNSNs and the LBSNs (Table 2), the 
connection between them seems to be not mono- 
synaptic but at least one neuron is intercalated. 

Thus, the LBSN made polysynaptic connections 
with the closer motoneurons via some kinds of the 
LNSNs in parallel with the monosynaptic connec- 
tion. Since the injection of current pulse into 
LNSNs could produce the smooth and long-lasting 
membrane potential change of the postsynaptic 
motoneurons in a graded manner [23, 24], delayed 
pathways via LNSNs contributed to form the sus- 
tained changes in membrane potential of the uro- 
pod motoneurons. 

The parallel pathway connection via the LNSNs 
have now been found in some motor systems in 
arthropod central nervous system [11, Takahata 
and Hisada in preparation]. Intercalation of the 
LNSNs in the circuitry would be advantageous to 
generate the adequate patterns of the motoneuron 
activity since the LNSNs could exert the analog 
control over the membrane potential of the post- 
synaptic neurons [e.g. 24]. Unfortunately, we 
could not demonstrate in full, in this paper, direct 
causality between the LBSN and the LNSN (Fig. 
7) since the probability of obtaining successful 
simultaneous intracellular recording of the LBSN 
and the LNSN was prohibitingly low. However, to 
determine the interaction between them and to 
clarify the functional role of LBSNs of each types, 
further detailed analyses by the simultaneous re- 
cordings from them would be indispensable. 
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Histochemical Study of the Operculum during Metamorphosis 
in Anuran Tadpoles after Extirpation of the Forelimb 
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ABSTRACT— Acid phosphatase and endogenous-peroxidase were demonstrated cytochemically by 
light and electron microscopy in the opercular skin of Rana japonica larvae during metamorphosis after 
extirpation of the forelimb. Lysosomes and autosomes, positive for reaction products of acid phospha- 
tase, become numerous in epidermal cells as the development proceeds. Lymphocytes, neutrophils and 
eosinophils as well as macrophages containing acid phosphatase-active phagosomes were found in 
opercular epithelium undergoing autolysis. Endogenous-peroxidase activity was localized in granules of 
neutrophils and eosinophils, but not in lymphocytes. These results not only suggest that the beginning 
of fenestration of the opercular epithelium is caused by autophagy of the operculum by acid 
phosphatase-active lysosomal granules, but that heterophagy by the macrophages and leucocytes may 
also be involved in the degeneration of the operculum. 


INTRODUCTION 


It is well-known in amphibians that thyroid 
hormone stimulates the widespread degeneration 
of structures such as the operculum, gills, tail, 
intestinal epithelium and larval head muscles. 
Several causes have been proposed for opercular 
fenestration formation [1—4], but the exact causes 
of the degeneration of the operculum are obscure. 

In some anuran species, it has already been 
proved that the operculum has the capacity to thin 
out and perforate independently of mechanical 
pressure exerted by the forelimb [2, 4-7]. 

In Rana japonica larvae, the histolysis and 
formation of the perforation of the operculum 
during metamorphosis occurs in the complete ab- 
sence of forelimb [7]. 

Histolysis and fenestration of the operculum in 
anuran tadpoles have been described by light 
microscopy [2,5]. In later studies, Sasaki et al. [7], 
Watanabe ef al. [8-10] and Reichel [11] have 
described aspects of the fenestration process of the 
opercular skin of the tadpole during metamor- 
phosis at the ultrastructural level. 
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In the present paper, we describe the histolysis 
of the skin of the opercular perforation region in 
metamorphosing Rana japonica tadpoles, with re- 
spect to the reaction products of acid phosphatase 
and endogenous-peroxidase as revealed by elec- 
tron microscopy. 


MATERIALS AND METHODS 


Tadpoles of Rana japonica used in this study 
were raised from eggs collected in Chiba Prefec- 
ture, Japan. They were maintained in well water 
which was changed every other day, and fed on 
boiled spinach. Tadpole stages were determined 
according to the table of Taylor and Kollros [12] 
for Rana pipiens. 


Acid phosphatase (ACPase) 


a. Light microscopy The opercular and adyja- 
cent non-opercular epidermis of tadpole from 
stages 13 and 18—20 was dissected and immersed in 
4% paraformaldehyde (Merck) solution buffered 
to pH 7.2 with 0.1 M sodium cacodylate at 4 C for 
2 hr. After rinsing in cold 8% sucrose for 16 hr, 
frozen sections (8-10 um thick) were cut with a 
cryostat, mounted on albuminized glass slides and 
air-dried. For localization of ACPase activity, sec- 
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tions were treated according to the method of 
Barka and Anderson [13] with naphthol AS-AI 
phosphate (Sigma) and hexazonium pararozanilin 
(Merck) at pH 5.0 for 20-30 min at room tempera- 
ture. The control was carried out omitting the 
substrate. 

b. Electron microscopy Epidermal _ tissue 
taken from the regions described above was fixed 
for 1 hr at room temperature in 0.1 M cacodylate 
buffer, pH 7.4, containing 1% glutaraldehyde and 
1% paraformaldehyde, and rinsed in several 
changes of 0.1 M cacodylate buffer containing 57% 
sucrose at 4°C for 16 hr. 

The tissue was rinsed in 0.05 M sodium acetate 
buffer, pH 5.0 containing 0.1 mM MnCl, for 10 
min with agitation. It was then sectioned, placed 
into acetate buffer, and incubated at 37°C for 1 hr 
in Gomori’s medium [14] containing 6% dextran. 
Gomori’s medium was prepared as follows: 0.12 g 
lead nitrate was dissolved in 100 ml of 0.05 M 
sodium acetate buffer (pH 5.0) containing 7.5% 
sucrose, 0.1 mM MnCl, and 6g of dextran. 
Added to this were 10 ml of 3% sodium f- 
glycerophosphate (Sigma). The mixture was 
warmed to 60°C for 1 hr and then cooled to room 
temperature. After incubation, the tissue was 
rinsed in sodium acetate buffer for 10 min with 
agitation and postfixed in 1% osmium tetroxide in 
0.1 M cacodylate buffer at pH 7.4. Controls were 
incubated in medium minus substrate. These pro- 
cedures follow the method of Weakley et al . [15]. 
Methods for dehydration, embedding, and section- 
ing for electron microscopy were the same as those 
previously described by Sasaki et al. [7], except 
that the sections were not stained. The specimens 
were examined with a JEM 100B electron micro- 
scope. 


Endogenous peroxidase (POase) 


Tissues from the prospective area of fenestration 
(stage 18) and from the opercular area undergoing 
a thinning process were removed. Pieces of tissues 
(2X2 mm) were fixed in 1% glutaraldehyde, 1% 
paraformaldehyde in 0.1 M cacodylate buffer, pH 
7.2 for 60 min at 4°C. After 16 hr in a solution of 
0.1 M cacodylate and 8% sucrose, pH 7.2 at 4°C, 
the pieces were incubated in a medium containing 
0.01% H,O,, 0.05% 3, 3’-diaminobenzidine tet- 


rahydrochloride (Sigma) in 0.025 M Tris-HCl buf- 
fer, pH 7.6, for 60 min, at 20°C, slightly modified 
after Fahimi [16] and Graham et al. [17]. Controls 
were prepared by incubation in the same medium 
with the absence of H,O,. After incubation, 
pieces were individually rinsed in sucrose- 
containing 0.1 M cacodylate buffer three times for 
10 min at 4°C and postfixed for 1 hr in 2% osmium 
tetroxide in 0.1 M cacodylate buffer pH 7.2 at 4°C, 
dehydrated in graded ethanols and embedded in 
Spurr Low Viscosity Embedding Media (Polysci- 
ences, Inc.). . 

Ultrathin sections were mounted on uncoated 
gold grids and subjected to the periodic acid- 
thiosemicarbazide silver proteinate (PA-TSC-SP) 
reaction for glycogen [18]. Specifically, thin sec- 
tions were floated on a 1% aqueous solution of 
periodic acid for 30 min, thoroughly washed with 
several changes of distilled water, and subsequent- 
ly floated on 1% thiosemicarbazide (Sigma) in 
10% acetic acid for 20 hr. Sections were rinsed in 
three changes of 10% acetic acid solution followed 
by a final rinse in distilled water. Sections were 
refloated on 1% aqueous silver proteinate (Merck) 
for 50 min in the dark, and washed thoroughly with 
three changes of distilled water. The unstained 
thin sections were then examined with an electron 
microscope. 


RESULTS 


Epidermis 

1. ACPase: light microscopy In Rana japoni- 
ca tadpoles at stage 13, the opercular skin in the 
area of prospective perforation consists of an outer 
epidermis, usually of two or three cell layers, 
connective subepidermis and an inner epidermis 
facing the opercular cavity. ACPase reaction- 
products were found in the outer and inner 
epidermis at stage 13, especially in the periphery of 
the outer epidermis and in macrophage-like cells 
of the inner epidermis (Fig. 1a). The control at 
stage 13 was found to be free of reaction-product 
(Fig. 1b). At stage 20, the degeneration of the 
opercular skin progressed, ACPase rich granules 
were seen in the periphery and macrophage-like 
cells of the outer and inner epidermis, and in the 
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Fics. 1 and 2. Light microscopy of ACPase activity in cross-sections through the epidermis at opercular region of 


R. japonica tadpole. Fig. la and b, stage 13. 


x 1,050. Fic. 2, stage 20. 


«1,650. Enzyme activity located 


in periphery of the epidermis (arrowheads), and in macrophage-like cells (arrows in Fig. la, ma in Fig. 2) and 
fibroblast (fi) in the subepidermis (sub). Control incubated in medium lacking substrate (Fig. 1b). No visible 
ACPase reaction product. iep: inner epidermis, oep: outer epidermis, p: pigment. 


subepidermis (Fig. 2). 
2. ACPase: electron microscopy The opercu- 
lar epidermis at stage 13 consisted of an outer and 
a basal layer of squamous cells. The epidermal 
cells became more flattened as development 
proceeded. The ultrastructure of the fenestration 
process of the opercular skin of R. japonica has 
already been described in detail [7]. Autosomes, 
positive for reaction products of ACPase, became 
numerous in the outer and inner epithelial cells, 
but were less frequent in underlying basal epithe- 
lial cells. 

The sectioned opercular area at the metamor- 


phic stage, 1.e., stages 19-20 was in a process of 
histolysis with numerous autophagic vacuoles in 
the outer and inner epidermis of the atrophic cells. 
These atrophic cells gradually became vacuolated, 
especially around the pycnotic nucleus, and the 
autosomes and small vacuoles contained lysosomal 
ACPase reaction product (Fig. 3). Golgi cisternae 
also showed ACPase activity (Fig. 3, inset). Ex- 
cept for the nucleus, most of the cell organelles 
were not discernible due to autolytic digestion. 
These autosomes and cytoplasmic debris, which 
were positive for ACPase, were also recognized in 
the inner epidermal cells (Fig. 4). There was no 
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Fics. 3-5. Electron microscopy of ACPase activity in epidermis of the opercular region. 


Fic. 3. Autosomes (au) and Golgi cisternae (G) (arrow and inset) positive for ACPase; chiefly uppermost 
epidermal cells. No stain. st. 20. 5,000, inset: 25,000. Fic. 4. ACPase positive macrophage (ma) in 
the cytoplasm of the inner epidermal cell (iep). Faint ACPase reaction products present in the phagocytosed 
materials (pm) (arrow). No stain. st. 20. 2,700. Fic.5. Control experiment with substrate-free incuba- 
tion medium. Note the lack of ACPase reaction product in the outer epidermis (oep). st. 20. 3,700. n: 
nucleus. 


Fics. 6-8. Electron microscopy of POase activity in epidermis of the operculum region. 


Fic.6. Positive specific granules of POase reaction (small arrow) and glycogen granules (TA~TSC-SP 
reaction) (arrowheads) in the neutrophil (ne) in the outer epidermis (oep). Small POase reaction products also 
seen in the macrophage (ma) (arrows). No stain. st. 19. 5,300. bl: basement lamella, de: degenerated 
epidermal cell, |: lymphocyte, n: nucleus, pg: pigment granule. Fic. 7. Reaction of POase in the neutrophil 
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in the inner epidermis (iep). No stain. st. 19. 5,500. fi: fibroblast. Fic. 8. POase positive eosinophil (eo) 
in the outer epidermis. No stain. st. 20. 4,700. 
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final reaction product in the controls (Fig. 5). 


Macrophages and leucocytes 


Macrophages containing phagosomes were fre- 

quently found in the intercellular region of the 
epidermis (Fig. 4). Besides the macrophages, 
many lymphocytes, neutrophils and eosinophils 
were often found in the area of the opercular 
epithelium undergoing autolysis (Figs. 4, 6, 7 and 
8). These cells lacked desmosome connections 
with neighboring epidermal cells. 
1s ACPase The ACPase test revealed the 
presence of reaction products over the entire cyto- 
plasm of macrophages in both the outer and inner 
epidermis (Fig. 4). There was little deposition of 
reaction product in the phagocytosed material. 
Small ACPase-positive granules were also found in 
the lymphocytes. 
250, F.Oase The POase and PA-TSC-SP reac- 
tion methods were used to identify the leucocytes 
of the epidermis. Globular leucocytes were fre- 
quently found in the intercellular space of the 
epithelium (Figs. 6, 7 and 8). A small amount of 
POase was evident in some macrophages. Lym- 
phocytes showed no evidence of POase activity 
(Fig. 6). 

Frequently, clusters of POase-positive, small 
specific granules and abundant glycogen granules 
were seen in the cytoplasm of neutrophils (Fig. 6). 
Usually the cytoplasmic processes of the neu- 
trophils protruded into the neighboring, autolysing 
outer and inner epidermal cells (Figs. 6 and 7). 
Neutrophils in the subepidermal collagenous 
layers also showed the same reaction products as 
those of the epidermis. 

The typically round or oval granules of eosino- 
phils were filled with POase reaction products 
(Fig. 8). The reaction intensity was more variable 
in large granules, often with lighter zones suggest- 
ing dissolution or extraction. 


DISCUSSION 


ACPase Lysosomes and autophagic vacuoles 
positive for reaction products of ACPase were 
more numerous in cells near the surface, indicating 
that degeneration first occurs in the outermost 
epidermal cells. These atrophic cells were conspi- 


cuous by their vacuolization [7, 9, 10]. The large 
deposits of reaction product of ACPase in or near 
these vacuolated epidermal cells suggest that the 
epidermal cells of the operculum suffer degrada- 
tion by autolysis associated with lysosomal activity 
[19, 20]. 

In the final stage, autolysing epidermal cells 
separate and slough off and fenestration occurs [7, 
11]. While cornification does not occur in the 
opercular epidermal cells, it does so in the 
epidermal cells of the tail, a process resembling 
that of adult epidermal cells [6, 21-25]. 

Reichel [11] has reported that there is mac- 
rophage invasion of the dermis but not of the 
opercular epidermis in R. pipiens. In the present 
work, macrophages containing ACPase positive 
phagosomes were found in degenerating 
epidermis. This phenomenon is believed to facili- 
tate the degeneration of epidermal cells and their 
removal from the area of fenestration. The origin 
of the macrophages found in the epidermal cells is 
still unknown, but they may originate from the 
mesenchymal cells or from circulating blood. The 
mature blood monocytes are generally considered 
to be the precursors of tissue macrophages [26, 
27|. Van Furth et al. [26, 27] found no evidence of 
POase activity in the nuclear envelope or endo- 
plasmic reticulum of the macrophage. In the pres- 
ent study, some POase was evident in the mac- 
rophages but not quite enough to show that mac- 
rophages have differentiated from leucocytes. 
Furthermore, we could not find any evidence of 
such self-replication of macrophages as observed 
in fetal hepatic macrophages [28, 29] and fetal 
Kupffer’s cells [30]. 


POase Many cytoplasmic granules in neu- 
trophils and variable-sized round or oval granules 
in the cytoplasm of eosinophils were rich in POase 
as in cytoplasmic granules of similar cells in the rat 
[31]. But the reaction intensity is more variable in 
large granules and often less intense in eosinophils. 
The cause is not clear but it may depend on the 
method of fixation of materials, as suggested by 
Angermtller and Fahimi [32]. POase was seen in 
some macrophages, but in very small amounts. It 
was impossible to tell that the POase had been 
derived from phagocytosed tissue fragments. 
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POase reaction products have been observed in 
the nuclear envelope in the epidermis of newborn 
albino mice and adult guinea pigs [33], and also in 
Kupffer’s cells of rats [16]. But in R. japonica 
tadpoles, the nuclear membranes of the opercular 
epidermal cells, neutrophils and eosinophils were 
devoid of reaction products. In catfish neutrophils 
[34], no POase reaction products were seen in the 
nuclear envelope. It was thought that the lack of 
POase products in the membrane may be species- 
specific or can be attributed to the difference 
between adults and juveniles. No POase reaction 
granules could be found in the lymphocytes of the 
epidermis of larval R. japonica in this study. The 
absence of POase activity in the lymphocytes has 
been described in fish [35-37], toads [38] and in 
most mammals [39, 40]. The negative POase reac- 
tion of lymphocytes is in agreement with microsco- 
pic and ultrastructural observations of several tis- 
sues [35-40]. Although POase reaction products 
can be detected in cytoplasmic granules in lympho- 
cytes of the lung capillaries of the rat, Scheuer- 
mann [41] demonstrated that the POase positive 
lymphocyte is characteristic of cells subjected to 
antigenic stimulation. The function of endogenous 
POase in neutrophils and eosinophils in the 
opercular epidermis is still unknown. In neu- 
trophils [42], it is well established that POase 
participates in a potent antimicrobial mechanism. 
Furthermore, the antiinfectious properties of 
POase have already been demonstrated in various 
other cell types [43-45]. Such a function would 
also make sense in the neutrophils of the opercular 
epidermis, particularly as perforation occurs in a 
water environment. 

Under appropriate conditions, eosinophils and 
neutrophils exhibit active locomotion; both are 
capable of phagocytosis. Furthermore, cytoplas- 
mic granules have a lysosomal nature [46—48]. 
Therefore, eosinophils or neutrophils in the 
epidermis is presumed to assist in the destruction 
of phagocytized material by the lysosomal activity 
of such cells. 
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A Bactericidal Substance in Insect Hemolymph Strongly 
Suppresses Lectin-Induced Mammalian 
Lymphocyte DNA Synthesis 
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Department of Immunology, University of Occupational and Environmental 
Health School of Medicine, Iseigaoka, Yawatanishi-ku, 
Kitakyushu, Fukuoka 807, Japan 


ABSTRACT—A bactericidal substance in the Bombyx mori hemolymph strongly suppressed lectin- 
induced lymphocyte DNA synthesis. This substance was purified by ion exchange, gel filtration and 
thin-layer chromatography and characterized to be a 1 K daltons peptide. The specificity of this peptide 
for target cells was analyzed and the physiological and phylogenetic significances of this peptide are 


discussed. 


INTRODUCTION 


Previously, some bactericidal substances have 
been reported from the insect hemolymph. 
Amongst these substances, the relatively low- 
molecular-weight peptides have been known [1-3]. 
However, the effects by these peptides on the 
immunocompetent cells from higher animals have 
not been elucidated. 

In this communication, the author describes a 
bactericidal substance in moth hemolymph, which 
exhibits a strong inhibitory effect on murine lym- 
phocyte DNA synthesis. Other biological prop- 
erties of this substance were analyzed and its 
significance is discussed. 


MATERIALS AND METHODS 


Purification of DNA synthesis inhibitory peptide 
from insect hemolymph 
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Bombyx mori hemolymph was kindly donated 
from Dr. H. Fujii (Faculty of Agriculture, Kyushu 
University). The hemolymph (100ml) was con- 
centrated with 60% saturated ammonium sulphate 
(pH 7.5) and the precipitate was dissolved with 
10 ml of 10 mM phosphate-buffered saline (PBS, 
pH 7.2), applied on a Sephadex G-—100 column 
(Pharmacia, 1.8 x 96cm) and eluted with the same 
buffer. The low-molecular-weight fractions of 
Sephadex G—100 chromatography were applied on 
a CM Sephadex column (Pharmacia, 1.2 2cm) 
and the activities were eluted with water contain- 
ing various NaCl concentrations after washing the 
column with PBS. The eluate at 0.8 M NaCl was 
concentrated by use of a rotary evaporator, ap- 
plied on a Sephadex G—25 column (Pharmacia, 1.8 
x 24cm) and eluted with water containing S0mM 
NaCl. The active fraction (20 nl) of Sephadex 
G-25 chromatography was spotted on a silica 
gel-coated plate (Merck, 60x60cm) and de- 
veloped with a solvent system of ethanol and water 
(3: 1) for 2.5 hr. The plate was sprayed with a 
ninhydrin-solution and heated for 3 min. For pre- 
parative thin-layer chromatography, 200 i! of the 
active fraction of Sephadex G—25 chromatography 


was spotted along the origin line of the gel plate. 
After development with the same solvent system, 
the identical portion corresponding to the ninhy- 


drin-positive portion was recovered and the active 
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peptide was extracted with water. Assays for 
DNA synthesis were performed according to the 
previous method [4]. 


Assay for bacterial DNA synthesis 


Ten ul of bacterial suspension (Agoonm: 0.2) 
(E. coil, P. maltophilia and B. subtilis) was mixed 
with 0.1ml of RPMI 1640 medium (Nissui 
Seiyaku, Tokyo) and 0.1 ml of test solution diluted 
successively with water and incubated at 37°C for 
8 hr in the presence of 1 ~Ci of [PH] thymidine 
(5 Ci/mmole, Radiochemical Centre, England) in 
a microwell plate (Nuncron-R, Nunc, Denmark). 
The incorporation of [°H] thymidine was termi- 
nated by the addition of cold 10% trichloroacetic 
acid (TCA) and TCA-insoluble fraction was trap- 
ped on GF/C membrane filter (Whatman) and 
washed with 5% TCA and ethanol. The radioac- 
tivity was counted by a Beckman liquid scintilla- 
tion counter. 


Assay for lymphocyte DNA synthesis 


Splenocytes or thymocytes (510° cells) from 
C3H/He mice (7-8 weeks old) were suspended in 
Q.1ml of RPMI 1640 medium supplemented with 
10% fetal calf serum (FCS, Gibco), 5 ng/ml 
Concanavalin A (Con A, Sigma) and 0.1 ml of test 
solution diluted successively in a microtiter well. 
After culturing the cells at 37°C in 5% CO, and 
95% air for 2 days, the cells were labeled with 
1 Ci of [°H] thymidine for further 24 hr. The 
labeling was stopped with 10% TCA and the 
radioactivity in the TCA-insoluble fraction was 
counted as described above. 


Assay for DNA synthesis of other mammalian cells 


Mammalian cells (2 10* Balb/c 313, NIH 3T3, 
IMR 90, SV40-transformed fibroblast, KB and 
Hela cells) were suspended in RPMI 1640 medium 
supplemented with 10% FCS and 0.1 ml of test 
solution. After culturing for 12 hr at 37°C in 5% 
CO, and 95% air, the cells were labeled with 1 «Ci 
of [°H] thymidine for further 12 hr under the same 
conditions. The radioactivity was counted as de- 
scribed above. 


Effects of the peptide on lymphocyte viability 
Splenocytes or thymocytes (510° cells) from 


C3H/He mice were cultured in 0.1 ml of RPMI 
1640 medium supplemented with 10% FCS and 
5 ug/ml Con A. The lymphocyte viability was 
assayed by an exclusion test of 0.1% trypan blue in 
the presence or absence of the peptide. | 


Physicochemical and biochemical properties of the 
factor 


The active fraction of Sephadex G—25 chroma- 
tography was digested with DNase I, RNase A, 
lipase C or bovine pancreas trypsin (50 ~g/ml, 
Sigma) for 1 hr at 37°C and applied on a Sephadex 
G-25 column. The peptide was treated at 60 C for 
1 hr or by freezing at —20°C and thawing. Analy- 
sis on pH stability was performed in 10 mM acetate 
buffer (pH 4.0) or 10mM Tris-HCl buffer (pH 
ONS): 


RESULTS 


As a preliminary experiment, the effects of B. 
mori hemolymph on E. coli DNA synthesis were 
studied. When the hemolymph was concentrated 
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Fic. 1. Effects by B. mori hemolymph on E. coli DNA 


synthesis in Sephadex G—100 column chromatogra- 
phy. B. mori hemolymph was concentrated and ap- 
plied onto a Sephadex G—100 column as described in 
Materials and Methods. Open and closed circles 
represent DNA synthesis activities of E. coli and the 
absorbance at 280nm in the fractions. Upper 
arrows show the elution positions of molecular 
weight markers; bovine serum albumin (67K dal- 
tons), cytochrome C (13K daltons) and bacitracin 
(1.5K daltons) from the left to the right. 


DNA Synthesis Inhibitory Peptide 


0.2 M 0.4M 
5.0 | 
S 
& -_~ 
oO <7 
2S 
lace 
" & 
ie 
Ti 0 
Fic. 2. 


0.6 M 


665 


0.8 M 


= 


Separation of inhibitory activities of E. coli DNA synthesis by CM 


Sephadex column chromatography. Active low-molecular-weight fractions of 
Sephadex G—100 chromatography (fraction 22—25 in Fig. 1) were applied on a 
CM Sephadex column. After washing the column with PBS, the activities 
were eluted with water containing various NaCl concentrations as shown in 
figure. The column and bar represent the mean and standard error of 
triplicate assays. In order to reduce the effect of NaCl on DNA synthesis 
assay, each fraction was diluted at 10-fold and assayed. 


and fractionated by a Sephadex G-—100 column, 
the inhibitory activities for E. coli DNA synthesis 
were eluted in several peaks corresponding to high 
and low molecular weight principles. Active prin- 
ciples eluted at low-molecular-weight region (less 
than 5K daltons) were separated into different 
fractions by CM Sephadex chromatography eluting 
at 0.4 M and 0.8 M NaCl, respectively (Fig. 2). 
The former activity at 0.4 M was characterized and 
described elsewhere [4]. In this paper, the active 
principle eluted at 0.8 M NaCl was investigated. 
When this principle was applied onto a Sephadex 
G-—25 column, the major inhibitory activity for E. 
coli DNA synthesis was eluted at the position 
corresponding to about 1K daltons as judged by 
the positions of molecular weight markers (open 
circles in Fig. 3). This fraction also strongly inhib- 
ited lectin-induced DNA synthesis in murine lym- 
phocytes (closed circles in Fig. 3). In order to 
analyze the relationship between the activities for 
E. coli and murine lymphocytes, the active 1K 
dalton principle was further purified by silica gel 
thin-layer chromatography. As shown in Figure 4, 
a ninhydrin-positive spot was detected and the 
extract from the portion of silica gels correspond- 
ing to the ninhydrin-positive region represented 
remarkable inhibitory activities of lymphocytes 
and E. coli DNA synthesis (Table 1). This result 
strongly suggests that this ninhydrin-positive ma- 
terial has dual inhibitory effects on EF. coli and 
murine lymphocyte DNA synthesis. 


(2H]TdR INCORPORATION (CPM x 1074) 


0 SS 


20 30 


FRACTION NUMBER 


Fic. 3. £. coli and lymphocyte DNA synthetic activities 
of B. mori hemolymph in Sephadex G-25 column 
chromatography. Active fractions eluted at 0.8M 
NaCl from CM Sephadex chromatography in Fig. 2 
were applied on a Sephadex G-—25 column as de- 
scribed in Materials and Methods. Open and closed 
circles represent DNA synthetic activities of E. coli 
and murine lymphocytes, respectively. Upper 
arrows in the figure show the positions of molecular 
weight markers; bacitracin (1.5 K daltons) and phe- 
nol red (350 daltons) from the left to the right. 


Furthermore, the biochemical properties of this 
activity were examined. When the active fraction 
from Sephadex G-25 chromatography was 
digested with bovine pancreas trypsin, the 1K 
daltons activity for lymphocyte DNA sythesis was 
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MIGRATION DISTANCE (CM) 


Fic. 4. Silica gel thin-layer chromatography of the pep- 
tide. Active fractions at 1K daltons in Sephadex 
G-25 chromatography (fraction 20-22 in Fig. 3) 
were spotted on a silica gel-coated plate. Lys, Arg, 
Ala and Tryp show the amino acid markers. 


markedly decreased (Fig. 5). In addition, the 
activity for E. coli was also destroyed (not 
shown). However, such effect did not occur by 
other enzymes (DNase I, RNase A and lipase C). 
As shown in Table 2, this activity was resistant to a 
heat treatment or freezing and thawing and stable 
in an acidic (pH 4.0) or basic (pH 9.5) environ- 
ment. These results suggest that the inhibitory 
activity seems to be derived from heat-stable 1K 
dalton peptide. 

Then, the modes of action by this peptide 
against lymphocytes were studied. The strong in- 
hibition on DNA synthesis occurred when added 
at early periods (0-10 hr) of the cell culture, but 
significant effects were not detected when added at 
30 hr (Table 3). These results indicate that this 
peptide acts on lymphocytes at early periods after 
lectin-stimulation and blocks concomitant DNA 
synthesis. Interestingly, although the strong in- 
hibitory effect on lymphocyte DNA synthesis was 


TABLE 1. 
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observed, the cell viability was not changed signi- 
ficantly as compared with the control experiment 
(Table 4). Furthermore, when the lymphocytes 
were washed extensively after treatment of this 
peptide, lectin-induced activation was restored 
(not shown). The effect of this peptide on lympho- 
cytes seems to be non-toxic and reversible. 
However, in E. coli, after washing E. coli pre- 
treated with this peptide, their growth was not 
restored and they were lyzed, which seems to be 
similar effect to that of the bactericidal peptides 
reported previously [1-3]. The reason of such 
different effects on both cells are not clear at 


[SH] Tar INCORPORATION (CPM x 10°") 


FRACTION NUMBER 


Fic.5. Effect of trypsin treatment on the inhibitory 
activity. After the active fraction in Fig. 3 (fraction 
20-22) was treated with (a) none or (b) trypsin (50 
yg/ml) for 1hr at 37°C, the Sephadex G-25 rechro- 
matography was carried out. Arrows in the figure 
are same as in Fig. 3. Open circles represent murine 
lymphocyte DNA synthetic activities. 


Purification of the factor by thin-layer chromatography 


(PH]TdR Incorporation (CPM) 
Ninhydrin-negative 


Ninhydrin-positive 


Murine splenocytes 
Ecol 


22980 + 1795 
21375 + 1819 


1235 + 142 
1085 + 196 


The radioactivity represents the mean and standard error of triplicate assays. 


DNA Synthesis Inhibitory Peptide 


TABLE 2. Physicochemical properties of the 


peptide 
(SH]TdR Incorporation 
(CPM) 
Control 21517 + 1486 


+Factor treated with 
None 
Heat (60°C, Lhr) 
Freezing and thawing 
pH 4.0 
pH 9.5 


1296 + 130 
1543+ 196 
1356+ 151 
1481+ 59 
1377+ 238 


The radioactivity shows the mean and standard 
error of triplicate assays for splenocyte DNA 
synthesis. The peptide using in this experiment 
was derived from the combined fractions from 


No. 20-22 in Fig. 3. 


TABLE 3. 


Added at 
(hr) 
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Effects of the peptide when added at 
different times after the cell culture 


Incorporation 


(SH]TdR 


(CPM) 


18065 + 2015 


1st | 87 


2a2h + 137 
2908+ 258 
16548 + 3851 


Relative 


Activity 
(%) 


l 


00 

10.6 
12.3 
16.1 
91.6 


The value in the table is the average of triplicate 
assays for lectin-induced splenocyte DNA synthe- 


sis. The peptide used is same as in Table 1. 


TABLE 4. Effects of the peptide on the lymphocyte viability 


Exp. 1 
Exp. 2 


Control 
No. of Cells Viability 
(X< 10°) (%) 
3.0 60 
D5 54 


+ Peptide 
No. of Cells Viability 
(X 10°) (%) 
P| 62 
29 58 


Murine splenocytes were cultured for 2 days and the viability was assayed as 
described in Materials and Methods. The peptide is same in Table 1. The value 


in the table is the average of duplicate assays. 


TABLES. Effects of the peptide on DNA synthesis of mammlian and bacterial cells 


(CPM) 

Control + Peptide 

Balb/c 3T3 2825+ 188 1679+ 143 

NIH 3T3 2360+ 206 1480+ 168 

IMR 90 2968+ 195 1986+ 87 

S$V40-transformed cells 6850+ 523 6425+ 481 
(3T3 fibroblast) 

S$V40-transformed cells 8231+ 326 7926+ 502 
(human fibroblast) 

KB 5963+ 613 5868+ 187 

Hela 5049+ 511 4686+ 671 

murine splenocytes 19020+ 889 2301+ 144 

murine thymocytes 3876+ 293 450+ 93 

E. coli 23685 + 1614 2558+ 196 

P. maltophilia 19351 +2473 8959+ 815 

B. subtilis 20715 + 1602 20425 + 2390 


(SH]TdR Incorporation 


+ Peptide 
Control 


%) 


59.4 
62.7 
56.8 
93.8 


The radioactivity shows the mean and standard error of triplicate assays. 
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present. 

The effects of other target cells were then stud- 
ied. The significant inhibitory effects were 
observed on some mammalian cells (Balb/c 3T3, 
NIH 3T3 and IMR 90), but not on malignant cells 
(SV40-transformed cells, KB and HeLa cells) 
(Table 5). Especially, the lymphocytes such as 
splenocytes and thymocytes were very sensitive 
(Table 5). On the other hand, the effects on some 
bacteria were studied. As shown in Table 5, E. 
coli was most sensitive and P. maltophilia was 
considerably affected, but not significant on B. 
subtilis. 

Thus, results mentioned above indicate that this 
peptide causes strong inhibitory effects on DNA 
synthesis of E. coli and murine lymphocytes. 


DISCUSSION 


Results mentioned above suggest that B. mori 
hemolymph contains a basic peptide which strong- 
ly suppresses DNA synthesis of murine lympho- 
cytes and E. colli. 

On the other hand, thymidine and polyamines 
are well known as low-molecular-weight non- 
specific inhibitors of DNA synthesis [5]. However, 
the inhibitory factor in this paper is not thymidine 
and polyamines by the following reasons. This 
factor is eluted at 0.8 M NaCl from CM Sephadex 
column. Thymidine was easily eluted at 10mM 
NaCl from the same column and polyamines (sper- 
mine and spermidine) were not even at 1.5 M 
NaCl, but eluted by 0.25 M NaOH (not shown). 
Furthermore, the major inhibitory activity was 
destroyed by trypsin treatment (Fig. 5), which 
indicates that the active portion of this factor is 
associated with the peptide structure. In addition, 
in order to analyze the possibility of the gly- 
copeptide, when the factor was treated with 
periodate, the activity was not affected, and the 
factor did not bind some lectin-affinity columns 
(Concanavalin A, wheat germ aggulutinin and so 
on) (not shown). Thus, the author considered that 
the major activity by this factor is derived from the 
peptide structure. The bactericidal peptides re- 
ported previously exhibit much higher molecular 
weights (4—5 K daltons) than that of the peptide in 
this paper. In B. mori hemolymph in this paper, 


although about 5 K dalton activity can be detected, 
this activity was relatively weak as compared with 
1K dalton activity. Therefore, the author focused 
the 1K dalton activity. Furthermore, in the pre- 
vious reports [1-3], the effects of the bactericidal 
peptides on higher animal cells have not been 
elucidated. As mentioned in the results, 1K dal- 
ton peptide in B. mori showed the strong inhibi- 
tion on lectin-induced lymphocyte DNA synthesis 
and considerable effects on some fibroblasts, but 
malignant transformed cells were not affected 
(Table 5). Interestingly, in spite of the irreversible 
effect on E. coli, which was also confirmed in the 
previous reports [1-3], the peptide did not change 
lymphocyte viability (Table 3). 

The author found the basic peptide with similar 
biological activity in fetal calf serum [6], mouse, 
rat and human sera (not shown). Furthermore, 
the other low-molecular-weight peptide exists in 
B. mori hemolymph, which was eluted at 0.4 M 
NaCl from CM Sephadex (Fig. 2). Although this 
peptide has a different charge property, it repre- 
sents the similar biological properties to those of 
the peptide in this paper and is also observed in 
mammalian serum [4]. As an alternative experi- 
ment, the author investigated the cells producing 
these peptides. The peptides with similar inhibi- 
tory activity are detected in the serum-free culture 
medium conditioned by murine splenocytes [7], 
fibroblasts [8] and insect fibroblastic cells [9]. 
Recently, the author found that these peptides 
affect some functions of T and B lymphocytes (not 
shown). This finding suggests that such bactericid- 
al substances in insect hemolymph have a potential 
ability for regulating immune functions of mamma- 
lian lymphocytes. Anyhow, these peptides seem 
to have physiological significance in invertebrates 
and vertebrates. 
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ABSTRACT— Mouse blastocysts were cultured together with macrophages of allogeneic origin in vitro. 
Observations were made approximately 1.5, 6.0, 26.0, 48.0, 72.0 and 96.0 hr after the initiation of the 
experiment. Many macrophages were present on the zonae pellucidae of the cultured blastocysts 
particularly during the period prior to, and in the process of zona-shedding. Hatching of the blastocysts 
from the zonae as well as spreading of trophoblast cells took place without any recognizable signs of 
unusual development in the presence of the phagocytes. The trophoblast cells exhibited no morphologi- 
cally explicit cytotoxicity toward the macrophages, majority of which appeared to be simply pushed 
aside physically by force exerted by the trophoblast cells undergoing spreading. Occasionally 
phagocytized cells which were probably macrophages, were found within the cytoplasm of the 
trophoblast cells. Macrophages were often observed to have insinuated into the inner cell mass (ICM) 
and attached to the ICM cells. It was not possible in the present series of experiments, to ascertain 


1985 Zoological Society of Japan 


whether the macrophages were cytotoxic to the ICM cells or not. 


INTRODUCTION 


Macrophages emerge around the nidus shortly 
after the onset of ovum implantation in the rat and 
they exhibit characteristic pattern of distribution in 
the uterus during peri-nidatory period of gesta- 
tion; the phagocytes were not present within the 
decidua while they were abundantly observed in 
areas peripheral to the decidua [1]. Similar 
observations were made in the post-nidatory ute- 
rus of the mouse, on the distribution of immuno- 
cytes which carry IgG as a cellular marker and 
probably include macrophages [2]. 

Diverse functions are played by macrophages in 
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the defence mechanisms of the mammalian body 
[for review, 3-5], and it is conceivable that regu- 
lation of responses of macrophages to the im- 
plantation, is an essential part of the protective 
mechanisms against immunological rejection of 
conceptuses during gestation [1]. 

This aspect of embryo-maternal relationships tn 
mammalian viviparity, however, escaped attention 
of investigators until relatively recently [1], and 
many important questions remain yet to be 
answered. 

One of those questions concerns the possible 
mode of interactions between trophoblast cells and 
macrophages, when they are allowed to come 
directly in contact with each other 

Glass et al. [6] observed that the free surfaces of 


mouse trophoblast cells cultured in vitro are not 
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adhesive for L-cells and peritoneal macrophages 
when they were layered onto the trophoblastic 
outgrowth; no further analysis of the phenomenon 
was attempted by the authors. 

In order to obtain clues to answer the questions 
on the mechanisms underlying interactions be- 
tween trophoblast cells and maternal immuno- 
cytes, we examined, at ultrastructural levels, the 
mode of interactions between mouse trophoblast 
cells and macrophages of allogeneic origin, cul- 
tured together in vitro. The results will be de- 
scribed in this paper. Part of the results has been 
presented in an abstract form [7]. 


MATERIALS AND METHODS 


1. Animals 


Albino mice of ICR and C3H strains, purchased 
from a local dealer (Shizuoka Agricultural Co- 
operation Association for Laboratory Animals, 
Shizuoka-ken, Japan), were used. They were 
about 100 days of age, and weighed approximately 
25g, at the time of the experiments. 

All the animals were kept under regulated 
temperature (22-24°C) and illumination cycles (14 
hr light and 10 hr dark). 

Super-ovulation was induced in the female mice 
by intraperitoneal injections of PMSG (Pregnant 
Mare’s Serum Gonadotropin, 7 [U/mouse ; Teiko- 
ku-zoki & Co., Ltd., Tokyo, Japan) and hCG 
(7 1U/mouse ; Teikoku-zoki & Co., Ltd.); the two 
hormones were administered consecutively with an 
interval of 48 hr. Immediately after the injection 
of hCG, the animals were caged with fertile males. 
If the copulatory plugs were found next morning, 
the day was designated as Day 1 of pregnancy. 


2. Collection of blastocysts 


Blastocysts were collected on Day 4 of pregnan- 
cy by flushing the uterus with the standard egg 
culture medium (SECM) [8], supplemented with 
10% fetal calf serum; this medium will be referred 
to as SECM-FCS in the following. The collected 
blastocysts were encased in their zona pellucida. 
The embryos were washed twice by transferring 
them into fresh SECM-FCS, and then introduced 
into the culture of macrophages. 


3. Collection of macrophages 


Macrophages were collected as exudate cells 
from peritoneal cavities of the mice [9]; no pre- 
treatment with irritants were given to the animals. 

The mice were injected intraperitoneally with 
301U of heparin dissolved in 3ml of phosphate- 
buffered saline (PBS). About 5 min after the 
injection, the peritoneal fluids were gently drawn 
into a glass pipette. The pooled fluid was centri- 
fuged at approximately 1,000rpm for 5min. The 
precipitate was resuspended in PBS. This proce- 
dure was repeated three times to wash the cells. 

The final precipitate was resuspended in 1 ml of 
culture medium prepared according to the formula 
described by Glass et al. [10]. The medium has the 
composition optimal for causing the outgrowth of 
trophoblast cells from a blastocyst in vitro [10]. 

The suspension of macrophages (ca 0.2 ml) was 
then transferred to a large drop of the spreading 
medium (1.5 ml) covered with paraffin oil (Merck, 
West Germany) in a Falcon dish (No. 3001). They 
were incubated for 30 min under an atmosphere of 
5% CO, and 95% air to settle the cells. At the end 
of the incubation, the medium over the cells was 
carefully withdrawn with a syringe fitted with a 
needle of 26 gauge. Most of the erythrocytes 
contaminating the macrophages are removed by 
this procedure. After adding fresh medium to the 
dish, the macrophages were cultured for 24 hr 
before the addition of the blastocysts. 


4. Co-culture of blastocysts and macrophages 


The zona-encased blastocysts of C3H strain or 
ICR strain were added to the culture of mac- 
rophages (5 blastocysts per dish) obtained from 
mice of ICR strain. The time when the co-culture 
was initiated was designated as Ohr of the experi- 
ment. 

The culture was examined on an inverted micro- 
scope (Model TMD, Nikon, Tokyo, Japan), 
approximately 1.5, 6.0, 26.0, 48.0, 72.0 and 96.0 hr 
after the initiation of the experiment. 


5. Electron microscopy 


The cultured blastocysts, either free-floating or 
undergoing trophoblastic spreading, were fixed 
with 3% glutaraldehyde in 0.1M sodium caco- 
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dylate buffer (pH 7.3) [11] for 2hr. Specimens 
were washed in the same buffer containing sucrose 
at a concentration of 7.5%. They were post-fixed 
in 1% OsQy, dissolved in 0.1M sodium cacodylate 
buffer for 2 hr. After passing through an alcohol 
series, they were embedded in Araldite resin by 
pouring the resin mixture into the culture 
dishes. When the resin hardened, the plastic 
dishes were carefully removed from the blocks and 
the areas containing the blastocysts were trimmed 
and re-embedded by using the same resin mixture. 

Thin sections were stained with uranyl acetate 
and lead citrate [12]. Observations were made in 
Hitachi electron microscopes (model H—700H and 
HU-12A). 


RESULTS 


Representative photomicrographs are presented 
in Figure 1, showing the appearance of the culture 
at different time intervals following addition of the 
zona-encased blastocysts to macrophages in vitro. 

For the first few hours after the initiation of 
co-culture, no recognizable changes had taken 
place either in the embryos or in the phagocytes. 
Around 6th hr of co-culture, however, many mac- 
rophages were seen adhering to the zona in some 
of the blastocysts. The adhesion of the phagocytes 
was firm, and they could be removed only with 
difficulty after repeated washing of the embryos 
with fresh medium (Fig. 1a). 

In Figure 1b, a blastocyst is shown in the process 
of shedding its zona 26hr after the start of co- 
culture; several macrophages are seen adhering to 
the surface of the zona as well as to the exposed 
surfaces of the trophoblast cells. 

Often empty zonae pellucidae shed by the 
blastocysts were observed in the culture; many 
macrophages were present on the surface of such 
zonae (Fig. Ic). On the other hand, the blasto- 
cysts which had escaped from the zona were 
relatively free from the phagocytes (Fig. 1d). 

Around 48th hr, the majority of the blastocysts 
were without their zonae and completed attach- 
ment to the bottom surfaces of the culture dishes. 
In many of those blastocysts, trophoblastic spread- 
ing had been initiated. 

At the interface between the macrophages and 


the trophoblast cells, no definitive signs of either 
accumulation or repulsion of macrophages were 
recognizable (Fig. 2). Some of the macrophages 
were seen adhering to the trophoblast cell-layer 
during this period; they tended to be localized 
around the inner-cell-mass (ICM) (Fig. 2). 

Electron microscopic examination of the 
peripheral areas of the trophoblast cell-layer re- 
vealed that cytoplasmic processes were extended 
from the trophoblast cells; they were 0.5-1.4 ~m 
in thickness and contained cytoplasmic filaments, 
endoplasmic reticulum, and mitochondria (Fig. 3). 
The ‘mean diameter of the mitochondria found 
within the cytoplasmic processes of the trophoblast 
cells, was approximately 0.57 um and 1.7 times 
larger than that of those found in the macrophages 
(0.34 um). 

The cytoplasmic processes of the trophoblast 
cells were often seen in contact with macrophages ; 
it appeared as if the latter was pushed aside by the 
former with physical force (Fig. 3). 

From the surfaces of the macrophages, many 
long and irregularly-shaped villous projections 
were extended; the cytoplasm was electron-dense 
and contained lysosomes, rough-surfaced endo- 
plasmic reticulum and mitochondria (Fig. 3). 

Around 72nd hr, macrophages were found with- 
in the cultured embryos. Figure 4 shows a mac- 
rophage adhering to the surface of a blastocyst in 
the region where the ICM cells and trophoblast 
cells are bordering with each other. The macro- 
phage is in contact with three trophoblast cells and 
two ICM cells in the figure. No specialized cellular 
junctions were formed between the phagocyte and 
the embryonic cells. 

In another example of the cultured blastocysts, a 
macrophage was found within the embryo and 
completely enclosed by a trophoblast cell and ICM 
cells, indicating that macrophages migrated into 
the embryos (Fig. 5). 

Occasionally, phagocytized cells were observed 
in the cytoplasm of the trophoblast cells (Fig. 6); 
the ingested cells were probably macrophages, 
although it was difficult to definitely identify the 
type of the phagocytized cells. 

In Figure 7a, an example of macrophages in 
close contact with ICM cells is shown. 

In another section of the same cell, a small 
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desmosome was observed between the macro- 
phage and an ICM cell (Fig. 7b). 

On four day of co-culture, i.e., approximately 
96hr after the initiation of the culture, an outer- 
most layer of the ICM cells gave rise to the 
primitive endoderm cells (Fig. 8a). They were 
characterized by the presence of large vacuoles in 
the peripheral area of their cytoplasm, and cov- 
ered with numerous microvilli on their surfaces 
(Fig. 8a). 

Macrophages were often seen adhering to the 
primitive endoderm cells (Fig. 8a); the site of 
contact between a cytoplasmic process extended 
by a macrophage and the cell membrane of an 
endodermal cell is shown at a high magnification in 
Figure 8b. Inner layer of the cell membrane 


appears thick and electron dense. 


DISCUSSION 


Mouse blastocysts cultured together with mac- 
rophages of allogeneic origin in vitro, are relatively 
uninfluenced by the presence of the phagocytes, 
under the experimental conditions presently em- 
ployed. 

Hatching of the blastocysts from the zona as well 
as spreading of the trophoblast cells took place 
with no recognizable sign of unusual development. 

Many macrophages were present on the zonae 
of the blastocysts prior to, and in the process of 
zona-shedding. Although no quantitative analysis 
was attempted in the present series of experi- 
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. 1. Light-microscopic appearance of zona-encased blastocysts co-cultured with macrophages. a) Around 6th 


hr; a blastocyst with macrophages (arrow) adhering onto the zona pellucida. b) Around 26th hr; a blastocyst 
escaping from the zona. Macrophages (arrows) attach to the free surface of a half-denuded blastocyst. c) 
Around 26th hr; an empty zona pellucida with adhering macrophages (arrow). d) Around 26th hr; a 


blastocyst after hatching from the zona. 
BIG! 2. 


A blastocyst undergoing trophoblastic spreading around 48th hr of co-culture. ICM is recognized in the 


center of the embryo. Macrophages (black arrows) appear to have been physically pushed aside by the 
growing trophoblast cells. Several macrophages (white arrow) are seen on the surface of the spreading 


trophoblast cells. 


Fic. 3: 


(Figs. 1 and 2, in facing page) 


A cytoplasmic process extended by a trophoblast cell located at the periphery of spreading trophobastic 


cell-layer is seen in contact with a macrophage which is slightly tilted as if it is physically pushed by the 
trophoblast cell. Note the difference in the size of mitochondria in the trophoblast cell and those in the 
macrophage. Ly, lysosome; M, mitochondria; N, nucleus; Troph, tophoblast cell. Thick arrows and the 
double arrows indicate cytoplasmic processes and the thin filaments respectively. 48th hr of co-culture. 


Fic. 4. 


A macrophage is seen insinuated itself between ICM cells and trophoblast cells. No recognizable cellular 


junctions were formed between the macrophage and the embryonic cells. ICM, inner-cell-mass. cells; Troph, 


trophoblast cells. 72nd hr of co-culture. 


Fig:.5: 


(Figs. 3 and 4, in p. 676) 


A macrophage is completely surrounded by trophoblast cells and an ICM cell. The space (*) between the 


macrophage and the trophoblast cells is filled with amorphous substance of moderate electron density. ICM, 
inner-cell-mass cells; Mac, macrophage; N, nucleus; Troph, trophoblast cells. 72nd hr of co-culture. 


Fic. 6. 


Fic. 7a and b. 


A phagocytized cell (arrow), probably a macrophage, is seen in the cytoplasm of a trophoblast cell. N, 
nucleus; Troph, trophoblast cell. 72nd hr of co-culture. 


(Figs. 5 and 6, in p. 677) 


a) A macrophage is seen in close contact with the free surfaces of ICM cells. A desmosome-like 


junction is formed between the phagocyte and the embryonic cells. A cytoplasmic process indicated by 
arrowhead is probably extended by the macrophage, as judged from the size of mitochondria and the 
appearance of the cytoplasm in the process. Mac, macrophage; ICM, inner-cell-mass cell. Arrow indicates 
cytoplasmic ruffles of the macrophage. 72nd hr of co-culture. 

b) The same macrophage that is shown in Fig. 7a is sectioned at a different level. A desmosome-like structure 
is formed between the macrophage and the ICM cell. Double arrows indicate desmosome-like structure. 


Fic. 8a and b. 


Macrophages attached to the free surfaces of primitive endoderm cells. Tips of the cytoplasmic 


processes extended by macrophages indent the cell membranes of a primitive endoderm cell (arrows) (b). In 
the area of the contact, the cell membranes of the embryonic cells appear thicker and more electron dense 
than those either in other areas of the cells or in the macrophages. End, primitive endoderm cells; Mac, 


macrophage; Mv, microvilli; N; nucleus. 96th hr of co-culture. 


(Figs. 7 and 8, in p. 678) 
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ments, the number of macrophages adhering to the 
zonae showed clear tendency to increase during 
this period. 

The zona pellucida of mouse ovum is known to 
be composed of three different species of glycopro- 
teins, i.e., ZP1, ZP2, and ZP3, with apparent 
molecular weights of about 200, 120 and 83 kilo- 
daltons respectively [13-15]. Since glycoproteins 
often act as potent activating factors of macro- 
phages [3, 4], it is conceivable that those glycopro- 
teins of the zonae, or their derivatives, might 
possibly be responsible for attracting and activat- 
ing macrophages in the culture. 

Trophoblast cells which behave as active phago- 
cytes toward the luminal epithelial cells of the 
endometrium during the invasion stage of ovum 
implantation [16] exhibited no morphologically 
explicit cytotoxicity toward the macrophages in 
culture. Majority of the macrophages appeared to 
have been simply pushed aside physically during 
the course of trophoblastic spreading. 

Glass et al. [10] co-cultured trophoblast cells of 
the mouse, with cells from different types of 
cultured cell-lines, i.e., L-cells, liver cells, JLS- 
V11 cells, and teratocarcinoma cells. They con- 
cluded that the contact inhibition developed be- 
tween the trophoblast cells and the other cells 
which were neither destroyed nor phagocytized, 
but rather moved away from the trophoblast cells. 
Furthermore, it has been shown by the same 
authors that the free surfaces of mouse trophoblast 
cells in culture is not adhesive to dispersed mouse 
L cells and peritoneal macrophages layered onto 
them [6]. They noted that while the cultured 
trophoblast cells were capable of phagocytizing the 
latex and/or the resin-coated microspheres added 
to the culture, no evidence was obtained indicating 
the phagocytic engulfment of cells by the tropho- 
blast cells [6]. 

We observed, by transmission electron micros- 
copy, that trophoblast cells occasionally phago- 
cytized cells which were probably macrophages. 
However, no quantitative analysis of this phe- 
nomenon was attempted. 

One of the curious observations made in the 
present series of experiments was that the mac- 
rophages insinuated into ICM and attached to the 
ICM cells. 


The ICM cells of the cultured blastocysts, 
however, had degenerated by fifth day of culture, 
regardless of the presence or the absence of mac- 
rophages under the experimental conditons we 
employed. Therefore, it was not possible to def- 
initely ascertain whether the macrophages were 
cytotoxic to the ICM cells or not. 
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in Chelon labrosus and Liza aurata 
(Teleostei, Mugilidae) 
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ABSTRACT— After previtellogenesis, during following steps of oogenesis, growing oocyte is charac- 
terized by a nuclear envelope highly undulated, by nucleoli which increase in size and cytoplasmic 


organelles in number. 


Simultaneousness of vitellogenesis termed endogenous and exogenous is 


observed. Follicle cells occur ultrastructural features of cells producing proteins, whereas special thecal 
cells were not recognized (up to 400-500 ~m in oocyte diameter). 
A comparison is established between the two genera Chelon and Liza and results are compared with 


data in the literature. 


INTRODUCTION 


In previous works related to the study of early 
sex differentiation in teleost fish, a cytological 
analysis of early germ cells (primordial germ cells, 
gonia) was carried out using electron microscopy 
in gonochoric Mugilidae [1-3] and in_her- 
maphroditic Serranidae [4]. Moreover, sequential 
events of spermatogenesis were identified [5] and 
previtellogenic oocytes at different stages (from 12 
to 80 4m in diameter) were recognized in Liza 
aurata [6]. 

The present work deals with the further oocyte 
differentiation in Chelon labrosus and in Liza 
aurata (no differences were noted during previtel- 
logenic steps between these two species). 


MATERIALS AND METHODS 


Grey mullets were caught by trawl in the 
Mediterranean sea, in the south of France 
(Banyuls sur Mer), in October and November for 
C. labrosus and in September and October for L. 
aurata, at the time of sexual maturation [3]. Sex- 
ual and reproductive conditions of Mugilidae were 
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reviewed by Brusle [7], age and growth of these 
fishes by Quignard and Farrugio [8]. 

Ovaries of C. labrosus from 35 to 42 cm and 
ovaries of L. aurata from 35 to 46cm in total body 
length (T.L.) were used for electron microscopy 
by methods identical to those previously described 
for Serranus hepatus {4}. 


RESULTS 


Results are reported in C. labrosus on oocytes 
from 80 to 400m and a comparison will be 
established with L. aurata (oocytes from 80 to 550 


ym). 


1. Stages of oocyte differentiation 


Three stages of vitellogenic oocytes were iden- 
tified using size as a criterion. 
Stage 1 (Fig. 1): Oocytes from 80 to 120 ~m 

At the onset of oogenesis these oocytes do not 
yet exhibit yolk synthesis. During this growth 
phase a highly undulating nuclear envelope (with 
numerous nuclear pores), several peripheral nu- 
cleoli (5 um in diameter) with two components 


(granular and fibrillar) and rather numerous cyto- 
plasmic organelles (ribosomes, mitochondria, dic- 
tyosomes) are observed. The dense material 


which characterizes germ cells (“nuage” or cloud: 
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[9-11]), is located near the nuclear envelope and is 
generally associated with mitochondria which are 
more elongated than at the previous previtel- 
logenic stage. 

Stage 2 (Fig. 2): Oocytes from 120 to 250 um 

The nuclear envelope exhibits more pronounced 
undulations than at the previous stage, the nucleoli 
increase in size (6-8 um) and the cytoplasmic 
organelles in number. Elongated mitochondria 
(3-5 «m) with a diameter of 0.3—-0.8 um exhibit a 
clear matrix and are located near the nucleus in the 
middle of oocyte cytoplasm. Dictyosomes, fewer 
in number are located in the peripheral area of the 
oocyte cytoplasm. 

Yolk synthesis starts in oocytes from 150 “m in 
diameter and two types of structures have been 
observed. 

a) Yolk vesicles (Figs. 3 and 4) 

Granules with dense material arise from dictyo- 
somes and are observed in the outer zone of 
oocytes from 150 to 250 4m in diameter. These 
granules, bordered by a membrane, increase in 
size and are constituted by two parts: one clear 
cortical, the other dense central. A narrow layer 
located beneath the membrane is also dense. 

b) Yolk globules (Figs. 5 and 6) 

In the outer cortical zone of oocytes from 
170-180 um in diameter, pinocytotic vesicles arise 
from the oocyte membrane and are located be- 
tween cytoplasmic microvilli. These vesicles, 
some of which are tubular, are limited by a mem- 
brane and exhibit a dense material. Yolk globules 
arise from these clusters of vesicles and tubules 


Fics. 1- 4. Oocytes in Chelon labrosus. 


Fic. 1. Undulating nuclear envelope in stage | oocyte. 
«14,000. Fic. 3. Yolk vesicles appeared from dictyosome in 
«34,000. Fic. 4. Yolk vesicles in stage 2 oocyte. Yolk vesicles are constituted 


more pronounced undulations. 
stage 2 oocyte. 


by two parts: one clear cortical, the other dense central. 


Abbreviations through Figs. I-12; 
a.S.f.: arc-shaped fibres, 


chromatin, d.: dictyosome, E.: erythrocyte, 
cell, f.mv.: follicle microvilli, g.: granules, 

ule, mi.: mitochondria, mv.: microvilli, 

lope, n.p.: nuclear pores, nu.: “nuage” (cloud), 


oocyte microvilli, 
C.: thecal cell, 
zona pellucida. 


b.1.: basal lamina, 


pi. t.: pinocytotic tubules, 
V.OO.: vitellogenic oocyte, 


and their diameter increase from 0.1—0.25 “m to 
2-5 um in oocytes of 250 um in diameter. 
Stage 3: Oocytes from 250 to 400 ~m 

During this growth phase, ribosomes and 
mitochondria increase in number, mitochondria 
becoming more numerous in the outer cortical 
zone. Whereas dictyosomes are scarce and do not 
exhibit secretory production, pinocytotic activity is 
still considerable. Yolk globules increase in num- 
ber and size (up to 10 ~m in diameter) and occur in 
a narrow outer zone less dense than the central one 
(Fig. 7). 

Other types of globules (up to 15 4m in dia- 
meter) can be observed. They are not bordered by 
a membrane and are constituted by small scatter- 
red granules (Fig. 7) of lipid composition. 

It was not possible to study oocytes bigger than 
400 «m in C. labrosus due to a lack of samples, but 
in L. aurata, oocytes from 400 to 550 um did not 
reveal any differences compared with stage 3. 
Moreover, oocyte evolution from 80 to 400 “m in 
L. aurata, is very similar to that in C. labrosus. 


2. Oocyte envelopes 


Follicle and thecal cells surround previtellogenic 
oocytes from 60-80 um in diameter [6]. At the 
onset of vitellogenesis, a zona pellucida arises 
between follicle cells and the oocyte. It will be 
studied first. 

a) Zona pellucida (Figs. 8-10) 

Oocytes greater than 150 ~m in diameter exhibit 
a dense material located between oocyte microvil- 
li, which constitutes the early zona pellucida. This 


* 11,300. Fic. 2. Nuclear envelope with 


« 18,400. 


conjunctive cell, ch.: 
F.C.: follicle 


Ca.: capillary, C.C.: 
e.r.: endoplasmic reticulum, 
i.Z.p.: inner zona pellucida, l|.g.: lipid gran- 
: nucleus, n.: nucleolus, n.e.: nuclear enve- 
0.Z.p.: outer zona pellucida, 
pi. V.: pinocytotic vesicles, r.: ribosomes, Th. 
y.g.: yolk globule, z9),' 


O00. MV.: 


y.v.: yolk vesicle, 


The bar represents one micron in all micrographs. 
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envelope is of regular thickness (0.35 ~m) and is 
separated from the oocyte membrane by a regular 
space of 200A (Fig. 8). The amount of material in 
the zona pellucida increases so that in oocytes of 
170 um its thickness is 0.5m with an inner, 
denser part (0.1 «m thick) (Fig. 9). As the zona 
pellucida develops pushing follicle cells away from 
the oocyte membrane, the oocyte and follicle 
microvilli increase in size and both pass through 
this zona which is perforated. When the zona 
pellucida which is of increasing density is 1.66 ~m 
in thickness (in oocytes of about 200 «m in dia- 
meter), the material which occurs along the oocyte 
membrane is no longer homogeneous, but is con- 
stituted of arc-shaped fibers (Fig. 10). The 
homogeneous part is the outer zona pellucida 
(being 1.66 um in thickness) and the fibrillar part is 
the inner zona pellucida which increases in until 
maturity. Oocytes of 250 and 400 ~m in diameter 
exhibit an inner zona pellucida with thickness of 
2.2 and 4.6 um respectively. Channels which are 
round in section pass through the outer and inner 
zona pellucida. In each perforation are located 
one oocyte microvillus and one follicle microvillus. 

b) Follicle cells (Fig. 11) 

Follicle cells constitute a regular epithelial layer 
around the oocyte. Up to 140-150 um in oocyte 
diameter, they exhibit the same ultrastructural 
features as those described for the last previtel- 
logenic stage (oocytes of 70-80 um in diameter, 
[6]). From this size, follicle cells send out microvil- 
li towards the oocyte. Moreover, these cells are 
less flattened, the follicular epithelium measuring 3 
to 3.5 um in height (three times greater than at the 
last previtellogenic stage). 

The voluminous, oval-shaped nucleus exhibits 


condensations of chromatin close to the nuclear 
envelope and scattered in the nucleoplasm. Cyto- 
plasmic organelles (ribosomes, endoplasmic re- 
ticulum, mitochondria, dictyosomes) increase in 
number. Follicle cells are more electron dense, 
owing to the increase in number of ribosomes. 
Mitochondria, 0.2 “4m in diameter, occur as a 
rather dense matrix, have narrow cristae 
(0.025—0.03 ~m) and are often located on both 
sides of the nucleus. When the oocyte is 230-250 
ym in diameter, dense granules (1.5 um in dia- 
meter), bordered by a membrane, can be observed 
in the cytoplasm of follicle cells. The early steps of 
their formation are located in dictyosomes. No 
junctional complexes are observed between adja- 
cent follicle cells or between follicle cells and 
oocytes. 

c) Thecal cells (Fig. 12) 

Thecal cells constitute the outer epithelial layer 
surrounding the oocyte, separated from the follicle 
cells by the basal lamina which exhibits the same 
structure as at the previous previtellogenic stage 
[6]. As oogenesis proceeds, thecal cells increase in 
number, but their elongated and flattened shape, 
their size and ultrastructural features (condensa- 
tions of chromatin close to the nuclear envelope 
and few cytoplasmic organelles) are similar to 
those observed at the end of previtellogenesis. 
Blood capillaries are numerous in the thecal layer. 
Pinocytotic vesicles are observed in thecal cells in 
the vicinity of capillaries. 


Some differences have been observed, in L. 
aurata, related to the bigger size (2.5 um in di- 
ameter) of granules in follicle cells and to the 
structure of the zona pellucida. This envelope 


Fics. 5-7. Oocytes in Chelon labrosus. 


Fic. 5. Pinocytotic vesicles and tubules located between cytoplasmic microvilli (in oocytes from 


170-180 ~m in diameter). 
diameter, 


For abbreviations, see legends of Figs. 1+. 


Fics. 8-10. Oocytes in Chelon labrosus. 


16,000. Fic.7. Lipid and yolk globules in oocytes of 400 am in diameter. 


x 20,000. Fic. 6. Pinocytotic vesicles in oocytes of 400 4m in 


« 7,000. 


Fic. 8. Zona pellucida: first deposits of dense material located between oocyte microvilli, 
18,000. Fic.9. Increase of the amount of the zona pellucida with an inner denser part. 
24,000. Fic. 10. Homogeneous outer zona pellucida and inner zona pellucida with arc- 


x 20,800. 


For abbreviations, see legends of Fics. 1+. 


shaped fibres. 


686 S. BRUSLE 


Fine Structure of Teleost Oocytes 687 


st "ong %45 
he Caso: 
So ae ie: 
=. ¢ hy S 
= , 


‘ LB = re : 
Fics. 11 and 12. Oocytes in Liza aurata. 


Fic. 11. Follicle cells with dense granules separated from thecal cells by basal lamina. 
Homogeneous outer and inner zona pellucida. 9,400. Fic. 12. Blood capillary with erythro- 
cyte in thecal cells. 14,500. 


For abbreviations, see legends of Fics. 1-4. 
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(inner and outer parts) exhibits a homogeneous 
structure (Fig. 11) and a greater thickness of the 
inner zona which is 7 and 12.5 um in oocytes of 400 
and 500m in diameter respectively. Further- 
more, the outer zona pellucida is more narrow 
(0.06 ~m in thickness) than in C. labrosus. 


DISCUSSION 


In teleosts, ultrastructural studies on vitel- 
logenesis are rather few in number. Since the 
works of Yamamoto ({12] on Oryzias), Droller and 
Roth ([13] on Poecilia),Gotting ([14] on various 
marine teleosts) and Anderson ({15] on Syn- 
gnathus and Fundulus), the most detailed report is 
from Ulrich ({16] on Brachydanio). Further 
observations have been published by Caporiccio 
[17], Shackley and King [18, 19], Riehl [20], Hart 
and Yu [21], Tesoriero [22], Abraham et al. [23], 
Selman and Wallace [24, 25] and Busson-Mabillot 
[26]. 


1. Stages of oocyte differentiation 


In the family of Mugilidae, vitellogenesis has 
been studied only by light microscopy [27-30]. 

In C. labrosus, the establishment of three 
oocyte stages is artificial, oogenesis evidently being 
continuous and gradual. However, our observa- 
tions reveal that the first step is a preparatory 
period of vitellogenesis. During the second step, 
vitellogenesis starts and develops through endoge- 
nous (dictyosomes) and exogenous (micropinocy- 
tosis) activities, while during the third, micropi- 
nocytosis alone is observed. 

Oocytes from 100 to 120 um are usually placed 
by authors [16, 18, 20, 31] among previtellogenic 
oocytes. This is possible for C. labrosus, or L. 
aurata, as yolk synthesis has not started in these 
early oocytes. However, we could not adopt such 
a Classification because oocytes of 100-120 um 
have never been observed in resting ovaries, but 
only in gonads at the onset of vitellogenesis. 
Moreover, in relation to the cytology, the undula- 
tions of the nuclear envelope, the presence of two 
nucleolar components, the increase in number of 
cytoplasmic organelles are features which are nev- 
er observed in previtellogenic oocytes of resting 
ovaries. 


2. Yolk synthesis 


Yolk vesicles In C. labrosus, yolk vesicles are 
observed in oocytes from 150 to 250m. The 
storage of these mucopolysaccharide vesicles is a 
normal process in fish [13, 15, 16, 20-22, 32-34]. 

These vesicles contain polysaccharides as re- 
vealed by cytochemistry at the electron level by 
Ulrich [16] and their fine structure is variable in 
ralation to the zoological groups ((35] for review) 
and even within one species in relaticn to the 
diameter of the vesicles and the methods of fixa- 
tion [16]. Yolk vesicles of C. labrosus with a dense 
central zone are similar to those described by 
Ulrich [16] in Brachydanio with the same fixative. 

Yolk vesicles arise from Golgi complexes. Dic- 
tyosome activity, first shown by Balinsky and 
Devis [36] in Xenopus, was subsequently observed 
in fish by Anderson [15], Ulrich [16], Kudo [33] 
and Riehl [20]. Our own observations in C. labro- 
sus are in agreement with those of these authors. 
The participation of rough endoplasmic reticulum 
with dictyosomes to constitute yolk vesicles, 
asserted by Anderson [15] and evoked by Ulrich 
[16], has been shown by autoradiography in Ory- 
zias by Tesoriero [22]. 

Moreover, yolk vesicles or cortical granules are 

involved in the constitution of perivitellic fluid 
during fertilization [21, 37, 38]. 
Yolk grobules Yolk globules observed in C. 
labrosus, known for a long time as a protein 
storage [39], are always bordered by a membrane 
[35], but their inner structure is variable in relation 
to the species. It is homogenous as observed in C. 
labrosus, L. aurata, and in Carassius [33], Blen- 
nius [18], or heterogenous with crystalline organ- 
ization as noted by Yamamoto and Oota [40], 
Ulrich [16] in Brachydanio, Riehl [41] in 
Noemacheilus and Riehl [20] in Gobio. 

Electron microscopy has allowed the observa- 
tion of an important process micropinocytosis at 
the time of formation of the protein yolk [12, 13, 
15, 16, 18, 19, 33, 42] which reveals the exogenous 
origin of accumulated proteins or of their precur- 
sors (vitellogenin). This origin has been confirmed 
in Brachydanio by autoradiographic studies [43]. 
In C. labrosus, the first vesicles of pinocytosis are 
revealed early, in oocytes of 170-180 um in dia- 
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meter. Shackley and King [18] observed them in 
oocytes of Blennius from 135 «m, Ulrich [16] in 
Brachydanio from 250m. Le Menn [44] in 
Gobius, shows that this exogenous vitellogenesis 
occurs very early, at the same time as endogenous 
vitellogenesis. These results are in general agree- 
ment with our observations but conflict with the 
classical idea of an endogenous vitellogenesis fol- 
lowed by an exogenous vitellogenesis. 

The recent study of Busson-Mabillot [26] in 

trout shows that yolk proteins absorbed by coated 
vesicles are then transferred via typical endosomes 
to a conspicuous lysosomal compartment. 
Lipid yolk Most of fish oocytes contain lipid 
globules. They are generally homogenous, dense, 
spherical and not bordered by a membrane. Stud- 
ies on these formations are rather few in number. 
So, their origin is not really known. Droller and 
Roth [13] think that yolk globules arise from 
dictyosomes, opinion agreed for a part by Riehl 
[20]. Caporiccio [17] believes to a mitochondrial 
origin and Shackley and King [45] think that 
synthesis is probably endogenous (occurring in the 
perinuclear cytoplasm) but cannot reveal what 
organelles are involved. 


3. Oocyte envelopes 


In teleosts, oocyte envelopes have been the 
subject of many investigations (a review by Laale 
[37)). 

Oocyte envelopes in C. labrosus and L. aurata 
are rather similar to those previously described in 
other oviparous teleosts [37]. 

Zona pellucida The zona pellucida often called 
zona radiata by other authors is divided into two 
parts, an outer and inner one. 

The outer zona pellucida: In C. labrosus, at 
the onset of vitellogenesis in oocytes from 150 um 
in diameter, an electron dense and homogenous 
material is deposited between the oocyte microvil- 
li. This layer increases with an inner and denser 
part. The thickness of the outer zona pellucida is 
1.66 um. 

In C. labrosus, the formation of the outer zona 
pellucida is similar to that described in other 
teleosts. Its dense, homogenous structure and re- 
duced thickness are generally noted [16, 46—48] 
and are characteristic. But in C.labrosus, the out- 
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er zona pellucida is higher (1.66 “m) than that of 
other fish studied: 0.25 ~m in the trout [51] , 0.3 
wm in Brachydanio [16], 0.25 um in Cichlasoma 
[49], 0.85 ~m in Dicentrarchus [52], probably in 
relation to the presence of a dense sublayer. In L. 
aurata, oocytes from 400 to 550 um in diameter, 
the outer zona pellucida is very narrow (0.06 um). 

The inner zona pellucida: In C. labrosus, 
the inner zona pellucida appears under the outer 
one, in oocytes of 200-250 um, at the end of 
glycoprotein vitellogenesis. In Cichlasoma, Bus- 
son-Mabillot [47] observes that this apparition 
occurs at the beginning of protein vitellogenesis. 
In C. labrosus, the inner zona pellucida is 4.6 ~m 
in thickness in oocytes of 400 «m in diameter and 
its structure is heterogenous with arc-shaped 
fibers. Most workers differentiate the inner zona 
pellucida from the outer in relation to a greater 
thickness and a particular structure. If it is 
homogenous, as shown in L. aurata, it is generally 
less dense than the outer zona pellucida [49], but it 
is frequently composed of concentric layers [16, 
20, 31, 46-48]. The fibrillar material of the inner 
zona pellucida which shows an arc-shaped packing 
as shown in C. labrosus, has been described by 
some authors [50-52]. Sometimes this material is 
surrounded by a dense and homogenous matrix 
which masks it [16, 46]. Caporiccio and Connes 
[50] have discussed this structure from the data 
established by Bouligand [53], related to the or- 
ganization with characteristic arches of different 
biological structures. 

So, the inner zona pellucida frequently exhibits 
a complicated structure. Moreover, its thickness 
allows a mechanical protection of the oocyte and 
later of the egg and the embryo and its plasticity 
[50] allows the increase in size of the oocyte 
without preventing nutrition [54]. 
Follicle cells Follicle cells in teleosts during 
vitellogenesis have been the subject of many inves- 
tigations. The main works are those of Gotting 
[55], Flugel [46], Hirose [56], Nicholls and Maple 
[57], Nagahama et al. [58], Flegler [48], Riehl [59, 
60], Shackley and King [18], Hurk and Peute [61], 
Toshimori and Yasusumi [62], Yemel’ yanova [63]. 

Our observations in C. labrosus and L. aurata, 
reveal some modifications in follicular epithelium 
during oocyte growth. Follicle cells become higher 
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than in previtellogenesis and send out microvilli 
(towards the oocyte), which appear after those 
arising from the oocyte membrane at the time of 
the first deposits of the zona pellucida (in oocytes 
of 150 um in diameter). Moreover, an increase in 
the number of their cytoplasmic organelles, has 
been observed. 

These structural changes are in agreement with 
previous works on teleosts [18, 63]. 

In our observations, specialized junctions are 
lacking between adjacent follicle cells and between 
follicle cells and oocytes. Azevedo [64], Up- 
adhyay [65] and Yemel’yanova [63] have noted a 
similar observation, but most workers agree to 
recognize junctions desmosome like between folli- 
cle cells [16, 18, 41, 48, 51, 55]. Moreover, desmo- 
somes have been observed between follicular mi- 
crovilli by Caporiccio and Connes [50] and tight- 
junctions between membranes of follicle cells have 
been noted by Toshimori and Yasusumi [62], who 
assume them to be a blood-follicle barrier. In 
contrast, Kagawa and Takano [66] and Kagawa et 
al. [67] observe distended spaces between follicle 
cells. These differences could reveal different 
modalities related to the transfer of metabolites. 

In C. labrosus, and L. aurata, the presence in 
follicle cells of both an abundant rough endoplas- 
mic reticulum with dictyosomes and dense gran- 
ules reveals ultrastructural features of cells produc- 
ing proteins. These proteins can be translocated to 
the oocyte. An active synthesis of proteins re- 
vealed by an abundant rough endoplasmic reticu- 
lum has been noted in teleosts by Nicholls and 
Maple [57], Nagahama et al. [58], Shackley and 
King [18], Hoar and Nagahama [60], Riehl [63]. 

Follicle cells are involved in the production of 
steroids [61, 66, 69, 70]. In vitro studies [69, 
74-76], give direct biochemical evidence of ster- 
oidogenic activities in ovarian follicles. Whereas, 
no steroidogenesis in follicle cells was noted by 
Nicholls and Maple [57], Shackley and King [18], 
Hoar and Nagahama [68], Nagahama et al. [58], 
Rhiel [60] and Kagawa et al. [67]. In Mugilids, our 
ultrastructural observations have not allowed us to 
reveal any steroidogenesis in follicle cells. Blanc- 
Livni et al. [28] have observed an enzymatic activ- 
ity (38 HSD) in Liza ramada by light microscopy. 
It is difficult to understand why results are dif- 


ferent between biochemical and morphological 
(ultrastructural) data. Both biochemical and mor- 
phological investigations, in vivo and in vitro, on 
different species could perhaps clear up this ambi- 
guity. 

Thecal cells Appearing at the end of the pre- 
vitellogenesis, thecal cells in L. aurata and C. 
labrosus do not show any structural modification 
during vitellogenesis. They constitute the outer 
epithelial layer surrounding the oocyte, separated 
from the follicle cells by the basal lamina. They 
are flatenned, with an elongated nucleus and have 
few cytoplasmic organelles, as also observed by 
Iwamatsu and Ohta [71]. Their fine structure is 
rather similar to that of fibroblast, as noted by 
Upadhyay [65] or by Hurk and Peute [61]. The 
numerous capillaries in the thecal layer observed 
in our work are in agreement with the investiga- 
tions of Caporiccio and Connes [50] and Hurk and 
Peute [61]. 

Moreover, pinocytotic vesicles revealed in our 
observations and previously described by Szollosi 
et al. [72] and Yemel’yanova [63], could be ex- 
plained by the participation of thecal cells in the 
transport of metabolites. 

Special thecal cells which are different from 
others, being bigger and showing ultrastructural 
features of steroidogenic cells (abundant smooth 
endoplasmic reticulum, big mitochondria with a 
dense matrix and tubular cristae), have been de- 
scribed in Brachydanio rerio [73], in Cichlidae 
[57], in Carassius auratus [58, 68] and in the 
rainbow trout [61]. Positive enzyme cytochemical 
data [73, 58, 61] indicate that special thecal cells 
represent sources of steroids. In Salvelinus, Kaga- 
wa et al. [67| show that enzyme cytochemical data 
are only positive in thecal cells during the post- 
ovulatory period. In the rainbow trout [65], the 
injection into immature ovaries of S-GTH, with or 
without 17f-oestradiol, induces an increase in 
rough endoplasmic reticulum in thecal cells, show- 
ing their potentialities in the active synthesis of 
proteins. 
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ABSTRACT—Development of the gonads in the medaka was studied by electron microscopy from 
embryonic stages to the completion of the formation of male and female gonads to presume the role of 
somatic cells in germ cell development. Somatic cell constituents of the gonads were derived only from 
the lateral plate mesoderm. They differentiated into two types of cells, distinguished by the relation to 
germ cells and the presence of the basal lamina, around the time of hatching. One cell type 
differentiated into the Sertoli cells and efferent duct of the testis and into granulosa cells and epithelia 
lining the ovarian cavity in the ovary. The other cell type, after differentiation, formed the remaining 
part of the gonad, including the steroid producing cells. The timing of the first appearance of steroid 
producing cells was similar in both sexes and occurred following gonadal sex differentiation. Thus, 
these findings do not favor the hypothesis that steroid hormones are involved in the induction of gonadal 
sex differentiation in the medaka. The compartmentation of spermatogonia in the testis was accom- 
plished rather early; this compartmentation may be related to the delayed mitosis and meiosis of 
spermatogonia. The number of steroid producing cells in the testis markedly increased immediately 
prior to meiosis, suggesting the involvement of steroid hormones, probably androgens, in the induction 
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of meiosis in males. 


INTRODUCTION 


The gonads of most organisms are composed of 
two cellular components—germinal cells and 
nongerminal somatic cells. The life cycle of the 
germ cells has been studied extensively because 
these cells are the only component that continues 
to the next generation. Nongerminal somatic 
cellular components of the gonads have also been 
investigated extensively and several different func- 
tions have been proposed for them. Because of 
the intimate anatomical relationship between germ 
and somatic cells, it has been suggested that the 
somatic cell components play an important role at 
various stages of germ cell life cycle. 

Although teleost gonads have been studied ex- 
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tensively at the electron microscopic level, few 
studies have examined the interaction between 
germ cells and their surrounding somatic cells [1]. 
Furthermore, to date, very few ultrastructural 
studies consider the development of the teleost 
gonad throughout their entire period in both sexes 
[2]. In the present study an attempt has been 
made to describe the series of ultrastructural 
changes that occur in the formation of male and 
female gonads at the time of gonial proliferation 
and the initiation of meiosis, paying particular 
attention to tissue organization and cell dif- 
ferentiation, in an effort to presume the role of 
somatic cells in germ cell development in the 
teleost. The gonads of the Japanese medaka, Ory- 
zias latipes, provide excellent material for a study 
of this kind, because developmental stages of the 
gonads, particularly that of germ cells, are well 
known, and are predictable in time and may be 
manipulated by photoperiod [3-5]. 
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MATERIALS AND METHODS 


Fish: An inbred strain of medaka, Oryzias 
latipes (HB-12, established by Y. Hyodo-Taguchi 
[6]) was used throughout the present study. Fish 
were maintained in outdoor plastic aquaria (60 < 
80 <50cm*) under natural environmental condi- 
tions and fed powdered Tetramin (Tetra Werke, 
West Germany) ad libitum. Freshly fertilized eggs 
were transferred to glass petri dishes (9cm in 
diameter) under artificial photoperiod of 14L: 10D 
(lights on 9 AM to 11 PM) at 25°C. Under these 
conditions, most fry hatch on Day 9. The fry were 
then transferred to plastic aquaria (23 17x20 
cm*) and maintained as described above. 

Microscopy: For the rapid and adequate fixa- 
tion of the developing embryos, the egg chorion 
was removed prior to fixation by immersion in 
0.0125% Pronase P (Kaken Kagaku, Japan) in 
0.05 M Tris buffer (pH 9.3) for 12 hr. Small fry, 0 
and 10 days after hatching, were fixed in toto, 
while the gonads from fry between 20 and 50 days 
after hatching were isolated by dissection prior to 
fixation. The total body length was measured im- 
mediately after fixation. At least 5 specimens were 
observed by electron microscopy at each stage 
studied. 

For electron microscopy, specimens were im- 
mersed in formaldehyde and glutaraldehyde fixa- 
tive containing 0.1% picric acid [7] adjusted to pH 
7.3 with 0.1M phosphate buffer (or pH 7.4 with 
0.1 M cacodylate buffer) for 1 to 2 hr at room 
temperature. After rinsing three times with the 
buffer (each wash 5 min), specimens were post- 
fixed in 1% OsQO, in the same buffer used for the 
primary fixative at 0'C for 1 hr. 
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In most cases, the specimens were then rinsed in 
distilled water for 5 min and were stained over- 
night en bloc with saturated aqueous uranyl ace- 
tate solution at 4°C. Tissues were then dehydrated 
in a graded series of ethanol, transferred to pro- 
pylene oxide and then embedded in epoxy resins 
(TAAB embedding resin or Spurr’s low viscosity 
resin). Gold to silver sections were cut on a Por- 
ter-Blum MT-1 or MT-5000 with glass knives or a 
diamond knife (Diatome, A550). Sections were 
picked up on formvar-coated grids, stained with 
lead citrate [8] and examined with a JEM—100CX 
or JEM-—200 electron microscope operated at 80 or 
100 kV. Sections obtained from blocks which had 
not previously been stained en bloc with uranyl 
acetate were stained with saturated aqueous uranyl 
acetate solution followed by lead citrate. 

For light microscopy, 0.5 um thick sections were 
cut on a Porter-Blum MT-1 ultramicrotome with 
glass knives and stained with a 1: 1 mixture of 1% 
methylene blue in 1% sodium borate and 1% 
azure II in distilled water. They were used to 
select and orient the areas studied by electron 
microscopy. All the sections were cut transversely 
to the body axis. 


RESULTS 


Morphology of the embryo gonads 


When the fertilized eggs of the medaka were 
incubated under ambient conditions employed in 
the present study, most fry hatched on Day 9. 
Embryos of 3 to 7 day-old were examined by 
electron microscopy. In general our observations 
were similar to those described by Hamaguchi [5]. 


Fic. 1. 


Electron micrograph of a portion of an indifferent gonad 4 days after fertilization. Primordial germ cells 


Fic. 


Fic. 


FIG: 


(pgc) are situated between the pronephric duct (p) and the gut (g) and surrounded by mesodermal cells (m). 
Their prominent features are long fenestrated sheet of agranular endoplasmic reticulum (er) and germinal 
dense bodies (gdb). 2,700. 

2. Electron micrograph of a portion of an indifferent gonad 7 days after fertilization. Two kinds of somatic 
cells, centrally-located somatic cells (CS-cells, cs) and peripherally-located somatic cells (PS-cells, ps), are 
present. Collagen fibers (arrows) are found in the connective tissue. pgc, primordial germ cell. 6,000. 
3. Light micrographs of the gonads of medaka within 24hr of hatching. a. A male gonad showing a small 
number of germ cells. 330. b. A female gonad and its surrounding tissues. Some germ cells (arrow 
heads) at the early stage of meiosis have a darker nucleus. 330. 

4. Electron micrograph of a portion of a female gonad within 24 hr of hatching. Note a close association 


between a germ cell and its associated somatic cells, CS-cells (cs) and PS-cells (ps). A basal lamina is present 
between a CS-cell and a PS-cell (arrow heads). 4,800. 
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Fic. 5. Electron micrographs of the testis of medaka fry 10 days after hatching. a. Note the conspicuous 


morphological difference between CS-cells and PS-cells. Arrow heads indicate the basal lamina. x 1,300. 


b. CS-cells of the second type (*) are separated from spermatogonia (sg) and are connected to the first type of 
CS-cells (cs) that surround spermatogonia. Desmosomes (d) between somatic cells are common. Arrow 
heads indicate basal lamina. gdb, germinal dense body; ps, PS-cells. 5,400. 
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The gonads passed through sexually indifferent 
period in these stages. 

In 4 day-old embryos, the primordial germ cells 
(PGCs) were situated dorsally to the gut (Fig. 1). 
The most prominent feature of the cell was the 
presence of electron-dense masses composed of 
granular material found in close association with 
mitochondria. These structures have been refer- 
red to as germinal dense bodies (GDBs) [e.g. 5]. 
The second prominent feature was a long con- 
tinuous fenestrated sheet of agranular endoplasmic 
reticulum first described in the germ cells of meda- 
ka embryos by Hogan [9]. At this stage, the PGCs 
were closely associated with the lateral plate 
mesoderm cells that had differentiated into the 
splanchnic and somatic mesoderm (Fig. 1). PGCs 
had completed migration and were located in the 
region where these two layers joined together. 
They were completely covered by surrounding 
mesodermal cells. 

At 7 days after fertilization, somatic cells within 
the gonads could be classified into two types, based 
on location; one type located in the central part of 
the gonad was in close contact with germ cells 
(centrally-located somatic cells, CS-cells), while 
the other type situated in the peripheral region of 
the gonads was found at a distance from germ cells 
(peripherally-located somatic cells, PS-cells) (Fig. 
2). At later stages, the CS-cells differentiated into 
the granulosa cells of the ovary and the Sertoli cells 
of the testis. At this stage, there was an increase in 


the amount of connective tissue. Connective tis- 
sue frequently contained collagen fibers and was 
located between these two types of somatic cells 
and near the central region of the gonad (Fig. 2). 


Morphology of the gonads of fry (1 to 50 days after 
hatching) 


Immediately after hatching, medaka measured 
approximately 4.5mm in total body length. Until 
about 10 days after hatching, fry grew at the same 
rate and the gonads obtained from different indi- 
viduals contained germ cells at similar stages of 
development. After this time, however, fish did 
not exhibit the same growth rate, so that gonads 
from the same age might vary in the degree of 
development. For this reason, it was found to be 
more appropriate to relate developmental changes 
to the total length of fish rather than age. 

In medaka, the sex of the fish could first be 
microscopically determined at the time of hatching 
by differences in germ cell number [3, 5]. Females 
had more numerous germ cells than males; some 
of the germ cells of female gonads had entered 
meiotic prophase (Fig. 3a, b), while the germ cells 
of males did not enter meiosis until about 50 days 
after hatching. Nonetheless, no conspicuous sex- 
ual differences were observed in the organization 
of gonads at the time of hatching. Both in males 
and females, the two kinds of somatic cells de- 
scribed above were present and below the CS- 
cells, a basal lamina appeared (Fig. 4). The fine 


Fic. 6. 


Electron micrograph of a portion of the testis of 9-11 mm medaka fry. The efferent duct (ed) is fermed in 


the central part of the testis. The lumen of the duct are represented by arrows. The efferent duct 1s connected 


with the acinous structure containing spermatogonia. Arrow heads indicate the basal lamina. 
< 3,600. 
Electron micrograph of a portion of the testis of 9-11mm medaka fry. Note the steroid producing cell 


some; ps, PS-cell; sg, spermatogonium. 
Fic. 7. 


d, desmo- 


(spc) in the interstitium of the ventral zone of the testis. Note a distinctive basal lamina (arrow heads) 
between a steroid producing cell and a CS-cell (cs). A steroid producing cell has large electron-dense 
mitochondria (mt) with tubular cristae and abundant endoplasmic reticulum (er). sg, spermatogonium. 


x 8,100. 
Fic. 8. Testis of 12-14mm medaka fry. 


a. Light micrograph showing the acinous structure consisting of many 
spermatogonia. Arrows indicate clusters of steroid producing cells. ed, efferent duct. 


x 200. b. Electron 


micrograph of the peripheral portion of the testis. Note a cluster of five steroid producing cells (spc) with well 
developed mitochondria and smooth endoplasmic reticulum. Arrow heads indicate the basal lamina. cs, 


CS-cell; sg, spermatogonium. 
Fig. 9. 


x 4,800. 
Testis of 15-20mm medaka fry. 


a. Light micrograph showing the tubular organization of the testis. 


Note cysts filled with germ cells at various stages of spermatogenesis. Arrows indicate steroid producing cells. 


ed. efferent duct.  <Z10; 


b. Electron micrograph of portions of spermatocytes. Note a cytoplasmic bridge 
between two adjacent spermatocytes. Microtubules (arrows) are present. 


x 9,400. 
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structure of the two somatic cell types was similar. 
Both had limited cytoplasm with an oval or elon- 
gated nucleus having a highly irregular profile and 
an electron-dense nuclear matrix. 


A) Male 


a) Six mm in total body lengh (about 10 days 
after hatching) In the testis, the differences 
between CS-cells and PS-cells were conspicuous. 
Spermatogonia were embedded in the CS-cells and 
together they formed acinous structures, which 
were completely separated from PS-cells by the 
basal lamina (Fig. 5a). CS-cells contained densely 
staining cytoplasm and could be classified accord- 
ing to their relationship with germ cells: the first 
type was found in close association with germ cells 
which together formed an acinous structure where- 
as the second type was separated from the germ 
cells and tended to be located in the central 
portion of the testis. However, the cytoplasm of 
two CS-cell types was not different. In both cases, 
an electron-dense nucleus occupied most of the 
cell; cytoplasmic organelles were poorly. de- 
veloped. Desmosomes between adjacent somatic 
cells were very common (Fig. 5b). 


b) Nine to 11mm (20 to 40 days after hatch- 
ing) At this stage, the number of both CS-cells 
and PS-cells increased. In particular, the central 
region of the gonad contained a cluster of electron- 
dense somatic cells derived from the second type 
of CS-cells described in the previous stage. Within 
this cellular mass, cavities or slits were formed, 
which together represented the primordia of the 


lumen of the efferent duct (Fig. 6). The acinous 
structures were in direct contact with the primor- 


Fic. 10. Ovary of medaka 10 days after hatching. 
meiotic prophase together with oogonia (og). 
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dia of the efferent duct. Spermatogonia had a 
large nucleus with a conspicuous nucleolus. They 
had cytoplasmic structures similar to those de- 
scribed for PGCs. 

Steroid producing cells were apparent in the 
interstitium (between the basal lamina of CS-cells 
and the coelomic epithelium) of the ventral zone of 
the testis at this stage (Fig. 7). These cells had 
various cellular organelles typical of steroid pro- 
ducing cells; these included large round to oval 
mitochondria with tubular cristae and slightly di- 
lated smooth and rough endoplasmic reticulum. 
Free ribosomes were also present. These cells 
were few in number. 


c) Twelve to 14mm (20 to 50 days after hatch- 
ing) Although the basic structure of the testis 
at this stage did not differ from that seen in the 
previous stages, both germ cells and somatic cells 
increased in number. The acinous structures con- 
taining germ cells which remained in the gonial 
stage became larger, probably as a result of gonial 
proliferation (Fig. 8a). Their ultrastructural fea- 
tures did not differ from that of PGCs’ described 
above. 

The most striking feature of the male gonads at 
this stage was the proliferation of steroid produc- 
ing cells (Fig. 8b). These cells were frequently 
arranged in clusters and were restricted to the 
interstitium. They also contained abundant cellu- 
lar organelles normally associated with active ster- 
oidogenesis including numerous oval and elon- 
gated mitochondria with tubular cristae and abun- 
dant smooth endoplasmic reticulum. 


d) Fifteen to 20mm (about 50 days after hatch- 


a. Light micrograph showing oocytes (oc) at various stages of 
x 420. b. Survey electron micrograph of a portion of an 


Fic. 


ovary showing differences in tissue organization between the dorsal and ventral portion of the ovary. Arrow 
heads indicate the basal lamina. cs, CS-cell; ps, PS-cell. 3,700. c. Higher magnification of the dorsal 
portion of an ovary showing a single cell layer surrounding the oocyte. 7,700. d. Higher magnification of 
the ventral portion of an ovary. CS-cells (cs) begin to surround the oocyte. The basal lamina (arrow heads) is 
present between CS-cells and PS-cells (ps). 5,700. 

11. Ovary of 7-9mm medaka fry. a. Survey electron micrograph showing an ovary containing oocytes at 
various stages of development and their surrounding tissues. Note the granulosa cells (arrow heads) which 
completely surround the most advanced oocyte. 1,100. b. A portion of an ovary showing an oocyte and 
its surrounding granulosa cells (gc). Microvilli (mv) from the oocyte are seen in contact with ramifications of 


the surrounding granulosa cells. Arrow heads indicate the basal lamina. gc, granulosa cell; oc, oocyte. xX 
8,200. 
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ing) At this stage, the testis had a recognizable 
tubular organization and was markedly enlarged 
(Fig. 9a). The former acinous structures contain- 
ing spermatogonia were located at the most distal 
part of each tubule. Most of the germ cells had 
entered meiosis. Cysts were filled with spermato- 
cytes and spermatids at various stages of sper- 
matogenesis. Spermatogenesis proceeded syn- 
chronously within each cyst, probably because of 
intercellular cytoplasmic bridges that coupled the 
cells (Fig. 9b). Usually cysts containing germ cells 
at progressively later stages of development were 
located closer to the efferent duct system. Thus, 
by this stage, the male gonad had morphological 
features of a fully differentiated adult testis. 


B) Female 


a) Six mm in total body length (about 10 days 
after hatching) The ovary at this stage con- 
tained oogonia and many oocytes at different 
stages of development. The most advanced 
oocytes had entered the diplotene stage of meiotic 
prophase (Fig. 10a, b). In contrast to the testis, 
CS-cells were not completely separated from PS- 
cells. The basal lamina was continuous at the 
ventral side, but was interrupted in the dorsal 
region (Fig. 10b, c, d). In the dorso-medial part 
of the ovary, there were a few layers of CS-cells 
that covered the germ cells. CS-cells began to 
surround the oocyte at the diplotene stage (Fig. 
10d) and were assumed to become the granulosa 
cells of later stages. 


b) Seven to 9mm (20 to 30 days after hatch- 
ing) The ovary contained many oocytes at 


Fic. 12. Ovary of 7-9mm medaka fry. 
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various stages of development (Fig. lla). At this 
stage, a single layer of flattened granulosa cells 
surrounded each of larger oocytes. The nuclei of 
these cells were elongate and irregular in shape 
with a dark nucleoplasm and the cytoplasm con- 
tained poorly developed organelles. Free ribo- 
somes were numerous and desmosomes were fre- 
quently found between these cells. Microvilli from 
oocytes were seen in contact with ramifications of 
the surrounding granulosa cells (Fig. 11b). 

PS-cells situated in the interstitial region also 
increased in number. Blood vessels, nerves and 
several types of somatic cells could be recognized 
in the interstitium. Among these somatic cells, the 
most prominent were large and polygonal steroid 
producing cells. These steroid producing cells 
were found mostly in the ventral and central region 
of the ovary (Fig. 12a) but were few in number. 
Their nuclei were round to oval in shape with a 
slightly irregular outline and the matrix was rel- 
atively electron-dense. Large round to oval 
mitochondria having many tubular cristae with a 
densely staining matrix were present. Both rough 
and smooth endoplasmic reticula were found, 
with the latter being more prominent. A. large 
number of free ribosomes were also scattered 
throughout the cytoplasm (Fig. 12b). 


c) Ten to 14mm (40 to 50 days after hatch- 
ing) Two major structural changes occurred in 
the ovary at this stage: (1) the formation of the 
ovarian cavity, and (2) the formation of the thecal 
cell layer. As shown in Figure 13a, cells in the 
most distal part of the ovary began to extend in a 
dorso-central direction. At the same time, cells 


a. Survey electron micrograph showing oocytes and their surrounding 


Fic. 


Fia. 


tissues. Three steroid producing cells are found in the interstitium. Arrow heads indicate the basal lamina. 
gc, granulosa cell; spc, steroid producing cell. 3,000. b. Electron micrograph of a portion of a steroid 
producing cell. Note many mitochondria (mt) with tubular cristae and abundant endoplasmic reticulum (er). 
x 16,200. 

13. Ovary of 10-14mm medaka fry. a. Light micrograph showing the formation of the ovarian cavity. 
Arrows indicate the presumptive morphogenetic movement of somatic cells. 210. b. Electron micro- 
graph of portions of the distal edge of the ovary enclosed with a square line in Fig. 13a. Note that only the 
cells of dorsal part have microvilli (mv) and the basal lamina (arrow heads) which are continuous to the basal 
lamina of granulosa cells. d, desmosome; gc, granulosa cell. 3,900. 

14. Ovary of 10-14mm medaka fry that has accomplished the formation of the ovarian cavity. a. Light 
micrograph showing a single ovarian cavity (arrow). 210. b. Electron micrograph showing a single layer 
of thecal cells (tc) surrounding the oocyte-granulosa complex. Note the distinct basal lamina (arrow heads) 
between granulosa cells (gc) and thecal cells. mv, microvilli. x 12,400. 
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located in the dorsal and central part of the ovary 
began to extend laterally. It was assumed that 
these two extensions fused together to form the 
ovarian cavity. An ovary with a single completed 
ovarian cavity is shown in Figure 14a. Only cells 
forming the inner surface of the ovarian cavity had 
microvilli at their surface and the basal lamina 
below. These basal lamina are continuous to those 
of CS-cells in the ovarian stroma (Fig. 13b). 
These cells were connected by desmosomes to the 
CS-cells that envelope the germ cells and were 
thought to be derived from CS-cells. 

At this stage, a single layer of thecal cells lay 
directly outside the granulosa basal lamina of the 
most advanced oocytes (Fig. 14b). The cytological 
features of thecal cells at this stage were similar to 
those of the granulosa cells, both having poorly 
developed cytoplasmic organelles. Desmosomes 
were frequently found between the thecal cells and 
between adjacent granulosa cells. The origin of 
thecal cells seemed to be PS-cells as they emerged 
outside of the basal lamina of granulosa cells and 
did not possess their own basal lamina. Steroid 
producing cells were also present in the intersti- 
tium but were not numerous and did not differ 
cytologically from earlier stages. By this stage, the 
female gonads had attained basically the same 
architecture as those of adults (Fig. 14a). 


DISCUSSION 


The present investigation of embryonic gonadal 
development indicates the involvement of the 
mesoderm in the development of medaka gonads; 
involvement of the interrenal or mesonephric blas- 
tema seems unlikely. These conclusions are con- 
sistent with those on the same species as suggested 
by Hamaguchi [5]. By the time of hatching, soma- 
tic cells derived from the mesoderm in both males 
and females had differentiated into two different 
somatic cell lines; one was located in the central 
part of the gonads (CS-cells), while the other was 
located in the peripheral part of the gonads (PS- 
cells). In the testis the CS-cells further differenti- 
ated into Sertoli cells and the efferent duct, where- 
as the PS-cells differentiated into cell types in the 
extratubular portion which included the steroid 
producing cells (Leydig cells). In the ovary the 


CS-cells further differentiated into granulosa cells 
and epithelial cells lining the ovarian cavity, while 
the PS-cells formed the rest of the ovary including 
the thecal cell layer and the steroid producing 
cells. 

Sexual differences in the tissue organization 
were apparent 10 days after fertilization. In males, 
the acinous structures were composed of CS-cells 
and germ cells. These structures were completely 
separated from other cells by the basal lamina. 
These observations have not been previously de- 
scribed during gonadal development of teleosts. 
This compartmentation of the testis achieved at 
early stages may be related to the delayed mitosis 
and also to the prevention of meiosis of spermato- 
gonia. 

In mammals, a similar organization of germ cells 
and Sertoli cells in the testicular cords has been 
observed by Byscov et al. [10]. These authors 
postulated that the enclosure of germ cells in 
testicular cords is a prerequisite for the prevention 
of meiosis. 

The tubular structure of the testis was distin- 
guishable in fry at 15 to 20 mm in total length when 
meiosis occurred. The same structures have also 
been described by previous workers [11-13] in 
adults of the same species and can be included in 
the restricted spermatogonial type of testicular 
structure in teleosts, according to the criteria of 
Grier et al. [14]. 

The central region of the testis was occupied by 
a dark somatic cell mass when fry were 12 to 
14mm in length. Within this cellular mass, cavities 
or slits formed which were the primordia of the 
lumen of the efferent duct. Similar processes in 
the formation of the efferent duct have been 
reported in several teleosts [15-18]. On the other 
hand, species differences exist in the processes 
leading to ovarian cavity development [19]. In 
medaka, when the total length reached 10 to 
14mm, cells in the most distal part of the ovary 
extended in a dorso-central direction, and at the 
same time, cells located in the dorsal and central 
part of the ovary extended in a lateral direction. It 
is assumed that these two extentions fuse to form 
the ovarian cavity. Thus, the ovarian cavity of 
medaka can be included in the endovarian cavity 
type [19]. These findings are in agreement with 
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those of Onitake [20] who studied the develop- 
mental processes of ovarian cavity formation in 
medaka by the light microscopy but differ from the 
findings of Hosokawa [21], who stated that the 
ovarian cavity was formed by the separation of the 
ovarian wall from the epithelial cell layers of the 
ovarian stroma at 9 days after fertilization. 

In the present study, steroid producing cells 
were identified on the basis of the ultrastructure of 
subcellular organelles. Characteristics of steroid 
producing cells include tubular smooth endoplas- 
mic reticulum and round to oval mitochondria with 
tubular cristae [22]. The steroid producing cells in 
medaka were first recognized in the interstitium in 
the testis of 9 to 11 mm fry and in the ovary of 7 to 
9mm fry. Satoh [23], using the same species, 
found similar cells in the testis of 8mm fry. Thus, 
as has been suggested previously [23], the present 
observations do not favor the hypothesis that 
steroid hormones are involved in the induction of 
gonadal sex differentiation of medaka [24]. 
However, in an in vitro study on Salmo gairdneri 
[25], gonadal homogenates from histologically in- 
different gonads, in which no steroidogenic cells 
were found, can produce progestins, so the possi- 
bility remains that the gonads of medaka around 
the time of hatching could produce steroids. 

It was of interest to note the striking increase in 
the number of steroid producing cells in the testes 
of medaka of 12 to 14mm body length. Yoshika- 
wa and Oguri [26] reported that in medaka the 
differentiation of somatic cells into interstitial cells 
always precedes the transformation from sper- 
matogonia to spermatocytes. Furthermore, in 
their studies interstitial cells were always found in 
the vicinity of meiotic germ cells, suggesting that 
interstitial cells are involved in the differentiation 
of germ cells. Hamaguchi [4] reported that ex- 
ogenously applied methyltestosterone induced 
precocious spermatogenesis in the fry of medaka 
but did not affect the proliferative rate of sperma- 
togonia. Taken together, these results strongly 
suggest that testicular steroids, probably 
androgens, play a role in inducing meiosis in this 
species. 

Steroid producing cells were found only in the 
interstitium of the ovary in all stages examined. 
Similarly, histochemical detection of 3/-hydroxy- 


4’-steroid dehydrogenase (33-HSD), an enzyme 
known to be involved in steroid hormone synthe- 
sis, has been demonstrated in the interfollicular 
cells of medaka during the resting period of the 
reproductive cycle [27]. Thus, the position of 3/- 
HSD positive cells corresponds closely to that 
found in the present study. In the teleost ovary, 
the presence of steroid producing cells in the 
interstitium is very common [28]. In the ovary of 
medaka, however, Kagawa and Takano [29] failed 
to detect activity of this enzyme in the interstitium. 
This discrepancy in 38-HSD detection cannot be 
explained at present, but may be related to the 
difference in the stages of the ovaries used in these 
studies. 

No clear relationship could be established be- 
tween cellular activity of the steroid producing 
cells and the different stages of ovarian develop- 
ment in the present study. However, the possibil- 
ity that steroids have a role in the formation of the 
ovarian cavity or the vitellogenesis of younger 
oocytes cannot be excluded. In the connection 
with the results that only granulosa cells of the 
advanced oocytes in the spawning period have 
38-HSD activity [27, 29] and such granulosa cells, 
by themselves, can produce steroids (Iwamatsu ef 
al., personal communication), it will be necessary 
to investigate the characteristics of the interstitial 
steroid producing cells in relation to steroidogene- 
sis since they may play an important role in the 
early steps of ovarian development. 


ACKNOWLEDGMENTS 


We wish to thank Drs. G. Young and G. Van Der 
Kraak for reading the manuscript. This work was sup- 
ported in part by Grants-in-Aid for Special Project 
Reseach, Project No. 5910016 to N. E. and Project No. 
58119008 to Y.N., from the Ministry of Education, 
Science and Culture of Japan. 


REFERENCES 


1 Nagahama, Y. (1983) The functional morphology 
of teleost gonads. In “Fish Physiology” Vol. 9. pt. 
A. Ed. by W.S. Hoar, D.J. Randall and E. M. 
Donaldson, Academic Press, York, pp. 
223-275. 

Bruslé, J. and Bruslé, S. (1983) 
des poissons. Reprod. Nutr. 


New 


tN 


La gonadogeéenese 
Dévelop., 23: 


10 


11 


12 


13 


14 


15 


16 


706 


453-491. 

Satoh, N. and Egami, N. (1972) Sex differentia- 
tion of germ cells in the teleost, Oryzias latipes. J. 
Embryol. Exp. Morphol., 28: 385-395. 
Hamaguchi, S. (1979) The effect of methyltestos- 
terone and cyproterone acetate on the proliferation 
of germ cells in the male fry of the medaka, Oryzias 
latipes. J. Fac. Sa. Univ. Tokyo, Ser. IV, 14: 
265-272. 

Hamaguchi, S. (1982) A light- and electron- 
microscopic study on the migration of primordial 
germ cells in the teleost, Oryzias latipes. Cell Tissue 
Res., 227: 139-151. 

Hyodo-Taguchi, Y. (1980) Establishment of in- 
bred strains of the teleost, Oryzias latipes. Zool. 
Mag., 89: 283-301. 

Ito,S. and Karnovsky, M. J. (1968) Formalde- 
hyde-glutaraldehyde fixatives containing trinitro 
compounds. J. Cell Biol., 39: 168. 

Reynolds, E. S. (1963) The use of lead citrate at 
high pH as an electron-opaque stain in electron 
microscopy. J. Cell Biol., 17: 208-212. 

Hogan, J.C., Jr. (1978) An ultrastructural analy- 
sis of “cytoplasmic markers” in germ cells of Oryzias 
latipes. J. Ultrastruct. Res., 62: 237-250. 

Byscov, A.G., Yding Andersen, C. and Wester- 
gaard, L. (1983) Dependence of the onset of 
meiosis on the internal organization of the gonad. 
In “Current Problems in Germ Cell Differentia- 
tion”. Ed. by A. McLaren and C. C. Wylie, Cam- 
bridge University Press, Cambridge, pp. 215-224. 
Gresik, E.W., Quirk, J.G. and Hamilton, J. B. 
(1973) A fine structural and histochemical study of 
the Leydig cell in the testis of the teleost, Oryzias 
latipes (Cyprinodontiformes). Gen. Comp. Endo- 
crinol., 20: 86-98. 

Gresik, E.W., Quirk, J.G. and Hamilton, J.B. 
(1973) Fine structure of the Sertoli cell of the testis 
of the teleost Oryzias latipes. Gen. Comp. Endocri- 
nol., 21: 341-352. 

Grier, H. J. (1976) Sperm development in the 
teleost Oryzias latipes. Cell Tissue Res., 168: 
419-431. 

Grier, H.J., Linton, J.R., Leatherland, J. F. and 
de Vlaming, V.L. (1980) Structural evidence for 
two different testicular types in teleost fishes. Am. 
J. Anat., 159: 331-345. 

Nakamura, M. and Takahashi, H. (1973) Gonadal 
sex differentiation in Tilapia mossambica, with 
special regard to the time of estrogen treatment 
effective in complete feminization of genetic males. 
Bull. Fac. Fish., Hokkaido Univ., 24: 1-13. 
Takahashi, H. (1975) Process of functional sex re- 
versal of the gonad in the female guppy, Poecilia 
reticulata, treated with androgen before birth. Dev. 


17 


18 


19 


20 


21 


dp 


jap} 


24 


7) 


26 


Zz) 


28 


29 


A. KANAMORI, Y. NAGAHAMA AND N. EGamI 


Growth Differ., 17: 167-175. 


Takashima, F., Patio, R. and Nomura, M. (1980) 
Histological studies on the sex differentiation in 
rainbow trout. Bull. Jpn. Soc. Sci. Fish., 46: 
1317-1322. 

Nakamura, M. (1982) Gonadal sex differentiation 
in whitespotted char, Salvelinus leucomaenis. Jpn. 
J. Ichthyol., 28: 431-436. 

Lepori, N. G. (1980) Gonadal sex differentiation 
in teleosts. In “Sex Differentiation, Hermaphrodit- 
ism and Intersexuality in Vertebrates including 
Man”. Piccin Medical Books, Padua, pp. 13-38. 
Onitake, K. (1972) Morphological studies of nor- 
mal sex-differentiation and induced sex-reversal 
process of gonads in the medaka, Oryzias latipes. 
Annot. Zool. Japon., 45: 159-169. 

Hosokawa, K. (1973) Formation of the ovarian 
wall in young of the medaka. Jpn. J. Ichthyol., 20: 
185-188. 

Christensen, A. K. and Gillim, S. W. (1969) The 
correlation of fine structure and function in steroid- 
secreting cells, with emphasis on those of the 
gonads. In “The gonads”. Ed. by K. W. McKerns, 
North-Holland Publ. Co., Amsterdam, pp. 415—488. 
Satoh, N. (1974) An ultrastructural study of sex 
differentiation in the teleost Oryzias latipes. J. 
Embryol. Exp. Morphol., 32: 195-215. 
Yamamoto, T. (1969) Sex differentiation. In “Fish 
Physiology” Vol. III. Ed. by W. S. Hoar and D. J. 
Randall, Academic Press, New York, pp. 117-175. 
van den Hurk, R., Lambert, J.G. D. and Peute, J. 
(1982) Steroidogenesis in the gonads of rainbow 
trout fry (Salmo gairdneri) before and after the 
onset of gonadal sex differentiation. Reprod. Nutr. 
Dévelop., 22: 413-425. 

Yoshikawa, H. and Oguri, M. (1979) Gonadal sex 
differentiation in the medaka, Oryzias latipes, with 
special regard to the gradient of the differentiation 
of testes. Bull. Jpn. Soc. Sci. Fish., 45: 1115-1121. 
Iwasaki, Y. (1973) Histochemical detection of 4°- 
38-hydroxysteroid dehydrogenase in the ovary of 
medaka, Oryzias latipes, during annual reproductive 
cycle. Bull. Fac. Fish., Hokkaido Univ., 23: 
177-184. 

Fostier, A., Jalabert, B., Billard, R., Breton, B. 
and Zohar, Y. (1983) The gonadal steroids. In 
“Fish Physiology” Vol. 9. pt. A. Ed. by W. S. Hoar, 
D.J. Randall and E.M. Donaldson, Academic 
Press, New York, pp. 277-372. 

Kagawa, H. and Takano, K. (1979) Ultrastructure 
and histochemistry of granulosa cells of pre- and 
post-ovulatory follicles in the ovary of the medaka, 
Oryzias latipes. Bull. Fac. Fish., Hokkaido Univ., 
30: 191-204. 


ZOOLOGICAL SCIENCE 2: 707-712 (1985) 


Microscopic Observation of Surface Relaxation and Contraction 
Waves in Elongated Eggs of the Newt during Cleavage 
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Yamagata 990, Japan 


ABSTRACT—Surface relaxation and contraction waves were examined in still pictures of eggs of the 
newt, Cynops pyrrhogaster. The waves were clearly observed during changes in surface pigmentation 
and in egg contour, induced by changing the egg shape into a cylindrical form within a narrow trough of 
agar. 

On the surface of the animal half which contained abundant pigment granules, the pigmentation 
became dark at the animal pole region and slightly brighter around the dark area, shortly before the first 
cleavage. The cleavage furrow always appeared at about the center of the dark area, ordinarily in the 
direction of the short axis in the cylindrically elongated egg. Simultaneously with furrowing, the bright 
and dark regions were cut apart by the furrow, resulting in separation into two sets of the bright and 
dark bands, on the sides of the furrow. With progression of the cleavage, each set of the two bands 
shifted horizontally in the direction away from the furrow plane. The bright and dark regions were 
observed as a slightly swollen ring and a constricted ring, respectively. 

On the pale surface of the vegetal half containing no pigments, both waves could be also detected as a 
bright-swollen band and a slightly dark-constricted band. 
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INTRODUCTION 


Using time-lapse cinematography, Hara et al. [1, 
2| found a wave-like propagation during changes in 
surface pigmentation in Ambystoma and Xenopus 
eggs, which was observed as a displacement of a 
circular zone of more concentrated pigment. The 
change was termed ‘surface contraction wave’. It 
first emerged at the animal pole region 10-30 min 
before the onset of the first cleavage, expanding 
and travelling as a ring toward the vegetal pole 
during the cleavage. This wave occurred once 
more just before the cleavage; i.e., twice every 
division cycle. Yoneda et al. [3] analysed the 
waves in Cynops and Xenopus eggs in more detail 
using 16mm movie film or videotape which 
showed that the two waves were the shifting of a 
circular bright zone and a dark zone in the surface 
pigmentation. Yoneda ef al. [3] and the present 
author [4, 5] actually measured the surface move- 
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ment in Cynops eggs, and obtained results which 
showed that the surface stretched and shrank 
slightly at the site of the first and second wave 
passages, respectively. These results proved that 
the two waves on film were a “surface relaxation 
wave (SRW)” and “surface contraction wave 
(SCW)”. In our previous research [3-5], we fur- 
ther examined both waves in still pictures, and 
succeeded in recognizing the SCW as movement of 
a dark circular zone but failed to detect the SRW. 
In addition, in all the above observations, the 
waves were relatively clear on the surface of the 
animal hemisphere containing abundant pigment 
granules, but were vague on the vegetal surface 
without pigments. 

Recently, the present author happened to 
observe both a SRW and SCW directly under a 
stereomicroscope, not only on the animal but also 
on the vegetal surfaces of newt eggs, by changing 
the egg shape into a cylindrical form. Observa- 
tions of both waves in the elongated egg are 
reported in the present paper. 
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MATERIALS AND METHODS 


Uncleaved fertilized eggs of the newt, Cynops 
pyrrhogaster, were manually denuded of the jelly 
capsule and the vitelline membrane with small 
scissors and two pairs of fine forceps, respectively. 
The naked eggs were induced to change their 
shape into a cylindrical form by placing them in a 
narrow agar trough about 1.5mm in width and 
1.2mm in depth in a vessel filled with Holtfreter’s 
saline. The trough was made by putting a thin 
glass tube (1.5mm in diameter) in about a 3% hot 
agar sol covering the bottom of the vessel and by 
removing it after gelation of the agar. The eggs 
were placed in the trough. They slowly slipped 
into the trough by their own gravity, changed 
shape, and finally stabilized within the trough at 
about 6mm in length, 1.2 mm in width and 0.8 mm 
in height, about 2 hr after placing the eggs in the 
trough. The elongated eggs were observed from 
an upper or a side view with a prism, and were 
photographed every 5 min. 

In the amphibian egg, stiffness of the egg cortex 
was noticeably increased shortly before the onset 
of the cleavage [6, 7], which interfered with the 
slipping-in of the egg into agar trough. Therefore, 
in order to change the egg shape easily, the egg 
must be utilized at least 3 hr before the first 
cleavage, prior to the increase in cortical stiffness. 

In this paper, the pigmented and unpigmented 
surfaces in the elongated egg are termed for ex- 
pedience, the animal surface and the vegetal sur- 
face, respectively, because the former is located in 
the animal hemisphere of the normal spherical egg 
and the latter in the vegetal hemisphere. 


RESULTS 


Change in surface pigmentation 


In deformed eggs where the animal surface was 
situated on the upper side, the pigmentation of the 
animal surface became slightly dark approximately 
at the central region and bright around its dark 
area, about 15 min before the start of the first 
cleavage (Fig. 1-A2). The cleavage furrow always 
appeared at about the center of the dark region, 
ordinarily in the direction of the minor axis (Fig. 


1-A3, B3). Simultaneously with furrowing, the 
dark region was cut apart and separated into two 
dark bands by the furrow. The bright and the dark 
bands shifted as a set in the direction away from 
the furrow plane, with progression of the division 
(Fig. 1, A3-6, B3-6). The bright band had a 
relatively distinct boundary, but in the dark one, 
the boundary was rather indistinct. Width of the 
bands was 0.3—0.4mm in the former and 0.2-0.3 
mm in the latter. The shifting speed of the waves 
was about 30 “m/min (at about 20°C), which prac- 
tically corresponded to the velocity of the advance 
of furrow tips or pigmentation change in the 
normal, nearly spherical egg. The contour of each 
pigment granule on the surface was vague in the 
bright band area as if the photographs were out of 
focus (Fig. 1, B3-6), but rather sharp in another 
area. 

The pigmentation change on the pale vegetal 
surface was examined in eggs settled sideways 
within the trough, as the animal and vegetal poles 
were positioned roughly at each end. In such eggs, 
the first cleavage furrow appeared eccentrically on 
the side of the animal surface. On the vegetal 
surface of these eggs, the bright band was observed 
as a zone with a sharp light boundary on the 
advancing front and a vague boundary in the rear 
(Fig. 2). The dark band was hardly detectable. 


Change in egg contour 


In Figure 1A, the surface of the egg was slightly 
swollen at the position of the bright band and 
constricted at the dark band. Figure 3 shows two 
typical cases in which the contour change was 
relatively large. These changes were found on 
both the animal and vegetal surfaces. 

Such pigmentation and contour changes 
travelled repeatedly at each division cycle, 
although in some cases, the changes were too faint 
to be detected. 


DISCUSSION 


The present study clearly demonstrates the 
SRW and the SCW in elongated eggs of the 
Cynops, not only through changes in the surface 
pigmentation but also through changes in the 
surface contour. Concerning the pigmentation 
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change, both waves had been already recorded 
16mm movie film in the normal, approximately 
spherical egg, relatively clearly on the pigmented 
animal surface [1-3], but only faintly on the pale 
vegetal surface [1]. The present work also indi- 
cates that the pigmentation change was obviously 
recognizable in still pictures in the elongated egg, 
not only on the animal but on the vegetal surfaces. 


Two examples (A, B) showing the change in pigmentation on the animal surface. Broad and thin arrows 
indicate the dark and the bright areas, respectively. f: cleavage furrow. Intervals: Al-—2, 30min; A2-6, 
10 min in each; B1-2, 2-3, 15 min; B3-6, 10min in each. Bar: 1mm. 


Inducing a contour change in the egg was first 
performed in the present experiment. Although a 
contour change might also occur in a normal 
spherical egg at the time of the wave passage, its 
change would probably not be detected, presum- 
ably for the following reason. In the normal egg, 
the surface of the animal hemisphere moves drasti- 
cally during cleavage, mainly because of a cortical 
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Pigmentation change on the vegetal surface as seen from the upper (A) and side views (B) of the same 


egg. The animal and vegetal halves in the normal spherical egg were roughly positioned at the left and right 
sides, respectively. Small arrows show the advancing head of the bright band and the large arrow shows the 


dark band. Intervals: 1-2, 30 min; 2-3, 3-4, 10 min. 


contraction in the cleavage plane [6, 8] or a 
rounding-up in the animal half [6, 9-11]. These 
surface movements would be so large as to entirely 
shade a slight contour change relating to the SRW 
and SCW. Besides, when the egg was pushed into 
the trough, the furrow contraction or the round- 
ing-up movement would influence the surface be- 
havior in a limited area near the forrow. There- 
fore, in the elongated egg, the contour change 
attributed to wave passage would be visualized on 
the surface at a distance from the furrow without 
suffering a disturbance from other surface move- 
ments. 

In the elongated egg, the surface changes shifted 
horizontally as a roughly longitudinal ring encir- 
cled the surface, while in the normal spherical egg, 
the changes shifted vertically as a latitudinal ring 
from the animal toward the vegetal pole, in syn- 
chronization with the advance of the cleavage 
furrow. Probably, in the elongated egg, the 


Bar: 1mm. 


change began to travel as one set of rings in a 
vertical direction in the same way as the spherical 
egg, in the initial phase. But, in the late phase 
after the furrow encircled the minor axis surface, 
the rings were separated into two sets, turning 
horizontally in the direction of its advance (Fig. 4). 

Such a travelling pattern in the elongated egg 
made it possible to observe one cycle of wave 
propagation for a prolonged time, especially in 
cases where the furrow appeared eccentrically, 
i.e., 60-90 min in the deformed egg against about 
30 min in the normal one, from the upper view. 
The benefit of this phenomenon is that it would 
allow a more detailed analysis of the waves in 
relation to other surface changes such as the 
stiffness change in the cortex [3, 6, 7] or the change 
in the cortical responsibility for furrow-inducing 
cytoplasm [12-14]. 

The cortical changes described in the present or 
previous papers occurred roughly in synchroniza- 
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Contour changes at the time of passage of the bright and dark bands as seen from the upper view (A) and 


side view in another egg (B). Small and large arrows indicate a swollen and a constricted position, 
respectively. f: furrow. Intervals: A, 10min in each but 20 min in 2-3; B, 10min in each. Bar: 1 mm. 


tion with each other in the normal spherical egg; 
they first appeared at the animal pole region about 
the time when the first cleavage began, they were 
then meridionally propagated toward the vegetal 
pole practically as a circular band with the advance 
of the cleavage furrow. Regarding the relationship 
between such cortical changes and cytokinesis in 


amphibian eggs, the present author suggests that 
the changes may reflect some kind of cortical 
preparation necessary for cleavage furrow forma- 
tion, for example, some structural change in the 
cortical layer such as the establishment of a dense 
filamentous network. Such a cortical preparation 


would be detected as various kinds of changes by 


Fic. 4. Schematic representation of the shifting of the 


two bands in the elongated egg. Dotted area: bright 
band. Shaded area: dark band. 


different techniques. 
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ABSTRACT—The limb regenerative capacity of three species of Japanese anuran Rhacophoridae was 
investigated in postmetamorphic froglets and adults. In all species the limbs amputated at zeugopodium 
showed regenerative growth. In Rhacophorus schlegelii and Rh. arboreus most of the young froglets 
regenerated their limbs well in the rod- and palette-shapes. However, the rate of regeneration 
decreased with age, and the limbs became non-regenerative or formed only cone-shaped growths when 
they were in mature adults. The limbs of adult Rh. buergeri exhibited cone- and rod-shaped 
regenerates. The regenerates of these three Rhacophorus were heteromorphic and histologically 
consisted of well developed muscle and cartilage surrounded by connective tissue and skin. At the tips 
of these regenerates the epithelia showed differentiation into digital pads. On the basis of the results 
obtained, the relation between the body size and age and the regenerative capacity was discussed. 


INTRODUCTION 


In most anuran species the regenerative capacity 
of the limb disappears during either the early or 
later metamorphic stage [1-5]. A few species of 
anurans have been reported to retain their regen- 
erative capacity even in the postmetamorphic 
stage. Such anurans are Xenopus and Hyme- 
nochirus in the family Pipidae [6-9], Bombina and 
Discoglossus in the family Discoglossidae [9], 
Hyperolius in the family Hyperolidae [10] and 
Rana in the family Ranidae [11]. The regenerates 
obtained in these species, however, are heter- 
omorphic and never develop the normal limb 
pattern. Our recent study indicated that one spe- 
cies of Hylidae and three species of Ranidae in- 
habiting in Japan showed heteromorphic regenera- 
tion even after metamorphosis [12]. However, the 
capacity to regenerate limbs in Hyla arborea japo- 
nica and Rana brevipoda porosa was retained only 
up to the young froglet stage, and it was lost when 
the animals grew to mature adults. However, R. 
rugosa and R. japonica produced heteromorphic 
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regenerates even in the adult forms when limbs 
were amputated at zeugopodia. In an attempt to 
get a wider view of the limb regenerative capacity 
through postmetamorphic frogs, we studied other 
anuran species than we had already reported [12]. 
In the present experiment we employed three 
species of Rhacophorus which have not been in- 
vestigated for their limb regenerative capacity and 
found that they showed heteromorphic limb regen- 
eration even in the adult form. 


MATERIALS AND METHODS 


The experiments were carried out on the three 
species of Japanese frogs in the family Rhacophor- 
idae, Rhacophorus schlegelii, Rh. arboreus and 
Rh. buergeri which are commonly distributed in 
mountainous district of Japan. All of them have 
an elongated digital pad (Fig. le). According to 
Ueno and Nakamura [13], in these frogs there is a 
sharp difference in body size between male and 
female and the males are smaller than the females; 
33—40mm for the male and 45-60mm for the 
female of Rh. schlegelii, 50O-70mm for the male 
and 60-90mm for the female of Rh. arboreus, 
30-40 mm for the male and 50-70mm for the 
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female of Rh. buergeri. Mature adult frogs, 30—48 
mm male and female Rh. schlegelii, 53-58mm 
and 30-—40mm male Rh. 
buergeri were collected in the suburbs of Maebashi 
City during their breeding season in June. The 
fertilized eggs were also collected at the same time 
in the field and the tadpoles produced were raised 
to froglets. At various periods during the post- 
metamorphic growth the animals which were 
selected by body length were used for experi- 
ments. Thus, 13-25mm Rh. schlegelii, 14-39 mm 
Rh. arboreus and 14-29mm Rh. buergeri froglets 
were prepared. 

The forelimbs of these froglets and adults were 
amputated unilaterally at the sites between the 
wrist and the elbow (zeugopodium). The operated 
animals were maintained at 22-24°C in separate 
containers with a small amount of water, fed on 
crickets and flies, and observed daily for signs of 
regeneration. 


male Rh. arboreus 


Light microscopy 


At various intervals after amputation, the oper- 
ated limbs were excised, fixed in Bouin’s solution 
and decalcified. Then they were dehydrated, 
embedded in paraplast and sectioned serially at 5 
ym. The preparations were stained by Mallory’s 
aniline blue collagen method. 


Scanning electron microscopy 


The regenerates and the fingers of the normal 
individuals excised were fixed in 2% glutaralde- 
hyde and postfixed in 1% osmium tetroxide, then 
in 3% tannic acid. Thus treated specimens were 
dehydrated and dried by the critical point method 
with liquid CO3. The dried specimens were coated 
with gold in a D.C. sputtering system (Eiko), and 
examined with a stereoscan scanning electron 
microscope (HXM-2X, Hitachi). 


Transmission electron microscopy 


The regenerates and the fingers were fixed in 


buffered 2% glutaraldehyde, postfixed in buffered 
1% osmium tetroxide, dehydrated and embedded 
in Epon 812. Ultra-thin sections were stained with 
uranyl acetate and lead citrate, and viewed with an 
Hitachi HS-8 electron microscope. 


RESULTS 


Gross observations 


Regeneration was exhibited in all three species 
of Rhacophorus utilized in the present experiment, 
although the rate of occurrence of regeneration 
varied according to the species and the body size 
(Table 1). Wound closure was usually completed 
by one to two weeks. By day 20 to 30 an opaque 
cone-like bud appeared at the amputated limb 
stump when regeneration was positive, although 
the younger froglets showed faster blastemal 
formation than the adults. In Rh. buergeri in par- 
ticular, large conical buds were formed at the 
amputated limb stumps, some of them occasionally 
showed swollen club-like protuberances. In some 
cases growth of the regenerates ceased in a few 
weeks, while the others continued longer. By day 
120 the regenerates had almost completed growth 
and were pigmented except for the tips. The 
established regenerates were cone or rod to palette 
in shape, occasionally with a blunt apex (Fig. 
la-e). The rate of regeneration was measured and 
found to be greater in the young froglets than the 
adults (Table 1). Ten out of 14 froglets (71%) and 
three out of 19 adult Rh. schlegelii (16%), 16 out 
of 21 froglets (76%) and three out of 7 adult Rh. 
arboreus (43%), and 13 out of 14 froglets (93%) 
and 7 out of 10 adult Rh. buergeri (70%) showed 
regenerative growth (Table 1). Among Rh. 
schlegelii and Rh. arboreus, the difference in re- 
generative capacity between the froglets and adults 
was significant. 


EG 


Dorsal view of regenerates of froglets and adults in the family Rhacophoridae. a, cone-shaped 
regenerate of Rh. arboreus, 120 days after amputation. 


schlegelii (b) and Rh. buergeri (d), 120 days after amputation. 
regenerate of Rh. arboreus, 70 days after amputation. 
schlegeli, of which the right limb showed regeneration, 50 days after amputation. 


<3. b, d, rod-shaped regenerates of Rh. 
x5 (b), x9 (d). c, palette-shaped 
e, dorsal view of froglet of Rh. 


XZ: 


x 14. 
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TABLE 1. Regeneration experiments on forelimbs in three species of Rhacophorus 


Ww Ne = 


Species Snout-vent Number of limbs Occurrence of Type of 
length in mm observed regeneration (%) regenerate’ 
Rh. schlegelii* 13-19 5 5 (100) Palette or rod 
20-25 9 i OS) Rod 
30-39 ) 3 ( 60) Rod or cone 
40-48? 4 G20 0) 
Total 23 LE Gare 
Rh. arboreus* 14-19 6 6 (100) Palette or rod 
20-29 10 8 ( 80) Rod 
30-39 S, 2 ( 40) Cone 
33-8" 7 3 ( 43) Cone 
Total 28 iy’ © GL) 
Rh. buergeri 14-19 8 8 (100) Rod 
20-29 7 6 ( 86) Rod 
36-40" 10 7.0410) Rod or cone 
Total 25 21 ( 84) 


Type of regenerates obtained 60-120 days after amputation of limbs. 
Indicates range of adult body size. 
P<0.01, the ¥° test with Yates’ correction between adults and froglets. 


Fic. | ‘ 
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TABLE 2. Histological characteristics of regenerates in three species of Rhacophorus 
Tissue Components 
Shee Type of 
pecies 
regenerate Muscle Cartilage Ossification Digital pad 
Rh. schlegelii Cone _ Small cap — + 
Rod +++ Large amount SE + 
Palette SAF Segmented + + 
Rh. arboreus Cone a Small cap — + 
Rod +++ Simple rod 4p + 
Palette ++ Segmented a te 
Rh. buergeri Cone <P Large cap +H de 
Rod SRF Simple rod HH + 


Histological observations 


The well developed regenerates generally con- 
sisted of cartilage, ossified bone and muscle sur- 
rounded by connective tissue and skin (Table 2). 
The cone-shaped regenerates of Rh. schlegelii and 
Rh. arboreus, which ceased growing at the early 
phases of regeneration, had no regenerated muscle 
but infrequent ossified cartilage. However, the 
same type regenerates of Rh. buergeri had re- 
generated muscle covering the cartilaginous cap 
developed on the surface of the amputated bone 
(Fig. 5). In the rod-shaped regenerates the muscle 
grew to the half or three-quarters the length of the 
regenerates (Figs. 3 and 4). The regenerated car- 
tilaginous rods were simple in shape or partly 
branched accompanied with ossification in the 
proximal regions. In the palette-shaped regener- 
ates (Fig. 2) which were produced only in the 
young froglets of Rh. schlegelit and Rh. arboreus 
with a body length less than 19mm, the cartilages 
were branched to three to four in digitoid form at 


the tip, histologically composed of four to five 
cartilaginous islands. The regenerated muscle ex- 
tended over half the area of the regenerates. 
These structures resembled the palette stage in the 
regeneration of the newt [14, 15], but none of them 
proceeded to further metamorphic stages. In all 
the regenerates observed, epidermal individualiza- 
tion toward that of the normal digital pad was 
recognized in the ventral aspects of the regenerates 
at the tips. They indicated the specialized 
epidermal structures and underlying numerous 
mucous glands which are the characteristics of the 
normal digital pad. But there were no pad-like 
swellings in the ventral sides of the regenerates. 


Electron microscopic observations 


The SEM picture showed the epithelial cell 
surfaces of the regenerates to be covered by mi- 
croridges (Fig. 6d). In the ventral portions of the 
regenerated tips, however, the epidermal cell sur- 
faces underwent a gradual proximodistal trans- 
formation to the specialized surface structures 


Fics. 2=5. 


Low magnification photomicrographs of regenerates of froglets and adults in the family 


Rhacophoridae. B, stump of bone. M, muscle. C, cartilaginous rod. O, ossified region of cartilage. 
Arrows show approximate planes of amputation. 

2; A palette-shaped regenerate of young froglet of Rh. arboreus, 120 days after amputation. Four 
pieces of digitoidal cartilage develop an appearance like early phase of digital structure in urodelan 
regeneration. 30. 

3; A rod-shaped regenerate of froglet of Rh. schlegelii, 120 days after amputation. Mucous glands are 
crowded at the tip of regenerate as the digital pad. x28. 

4; A rod-shaped regenerate in froglet of Rh. buergeri, 120 days after amputation. Massive development 
of cartilaginous rod surrounded by thin regenerated muscle. 30. 

5; A cone-shaped regenerate of adult Rh. buergeri, 120 days after amputation. Intense ossification in 
the cartilage around the stump of bone and the well regenerated muscle. X17. 
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Fic. 6. SEM views of the epithelial surfaces. 


x 2,000. 
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a, mosaic pattern in the normal digital pad of 


the froglet of Rh. schlegelii. b—d, the ventral aspects of regenerate, 120 days after amputation in the 
froglet of Rh. schlegelii. The surface structures undergo a gradual transformation from microridge- 
rich cells (d) to cells separated from one another by rimmed ridge (c) and to the cells like that in 


digital pad (b). 


(Fig. 6b-d). In the epithelial cells in these special- 
ized regions, the peg-like microprocesses differ- 
entiated to cover the surfaces of the cells, and the 
boundary of each cell was clearly fringed with a 
ridge (Fig. 6c). Some areas at the tips of the 
regenerates showed a characteristic mosaic pat- 
tern, in which the flat hexagonally shaped epithe- 
lial cells stood out sharply. The surface of each 
cell was closely packed with the peg-like micro- 
processes, and such cells were separated from one 
another by deep intercellular gaps (Fig. 6b). 
These mosaic patterns in the surface of the re- 
generated skin appeared to be much the same as 
that of the digital pad (Fig. 6a). The TEM 
observation of this structure indicated that the 


epithelial surface was closely packed with the 
peg-like microprocesses (Fig. 8). Each peg was 
filled with bundles of tonofilaments whose basal 
part was merged with that of the neighbouring 
pegs to form large tonofilament masses in the 
deeper parts of the cell. The second and the third 
cell layers contained a number of transforming 
bodies or mucous grains like those seen in the 
amphibian epidermis [16-18]. The tiny aggrega- 
tions of tonofilaments were seen at the surface of 
the second layer. Compared with the normal digit- 
al pad (Fig. 7), the epithelium of the digital pad- 
like structure in the regenerate showed fewer 
fibrous vesicles and tonofilaments. 
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Fics. 7 and 8. Stratum corneum (SC) and transitional cells of epidermis from the normal digital pad in 
the froglet of Rh. schlegelii (Fig. 7) and digital pad-like epidermis developed in the regenerate of 
froglet of Rh. schlegelii, 120 days after amputation (Fig. 8). M, mucous grains or transforming 
bodies. N, nucleus. P, peg-like microprocesses. T, tonofilament bundles. V, fibrous vesicles. 


DISCUSSION 


In the present experiments we found that three 
species in the family Rhacophoridae had the 
capacity to regenerate limbs heteromorphically 
even in the postmetamorphic stages. Generally 
the anuran limb regenerates were heteromorphic 
and histologically consisted of a cartilaginous rod 
and surrounding connective tissue with rare de- 
velopment of muscle and ossification of cartilage as 
has been reported in Pipidae, Discoglossidae and 
Hyla |6-9, 12]. However, in the regenerates of 
Ranidae which was studied by us, regeneration of 
muscle and ossified cartilage were common [12]. 
In Hyperolius, muscle also developed in the re- 
generates though to a lesser degree [10]. In the 
present study, the good sized regenerates in Rha- 
cophorus showed greater development of muscle 
and ossification of cartilage than the other species 


mentioned above. In these regenerates the muscle 
reached the area near the tip, and ossified region 
of cartilaginous rod proceeded to three-quarters of 
the length. The regenerates of these species occa- 
sionally had blunt tips which had digitoid struc- 
tures of cartilage. The digital pad-like epithelial 
differentiations were seen at the tip of the regener- 
ate as has been reported in Hyperolius [19]. This 
characteristic epithelial differentiation was seen at 
the tip area in all the regenerates even though they 
do not have digitoid differentiation. Likewise, the 
nuptial pad was formed in the heteromorphic limb 
regenerates of adult Xenopus laevis [20]. Since all 
the simple cone- or rod-shaped regenerates 
obtained in our present experiment show charac- 
teristic epithelial individualization toward the 
digital pad, such heteromorphic regenerates have 
the capacity, to various degree, to develop digital 
structures which had been lost by cutting away. 
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The effect of body size or the age on the 
regenerative capacity was evident, especially in 
Rh. schlegelii and Rh. arboreus. In these the rate 
of regeneration is higher in the froglet and re- 
generates were organized better than those of the 
adults. The palette-shaped regenerates were com- 
mon in the younger froglets, while most of the 
regenerates obtained in the adults were cone- 
shaped. In the froglets of Rh. buergeri, the rate of 
occurrence of regeneration was seemed to be 
greater than that of adults, although the difference 
in the rate of regeneration in both groups of 
animals was statistically not so significant. This 
may be due to potent regenerative capacity 
throughout the period after metamorphosis. 

In our previous report the effect of body size on 
regeneration was shown in the postmetamorphic 
individuals of Rana brevipoda porosa and Hyla 
arborea japonica {12}. In these species the regen- 
erative capacity was retained up to a certain body 
size, but later declined as they grew. Also, in 
urodelan amphibian, Notophthalmus viridescens 
the rate (speed) of regeneration decreased signif- 
icantly as the body size (limb thickness as indica- 
ter) increased [21]. Adults of large urodela of the 
Salamandridae, Ambystomatoidea, Proteidae and 
Sirenidae have been reported to be non-regenera- 
tive [22, 23]. The effect of body size or age which 
have been mostly ignored in anuran regeneration 
is proved to be important for regeneration after 
metamorphosis. 

Heteromorphic limb regeneration can be in- 
duced by a variety of means in adult anurans which 
would not otherwise regenerate, e.g. by NaCl 
treatment and stabbing the stump, electrical 
stimulation and embryonic tissue implants [1, 2, 
24-26]. Nerves are known to play an important 
role in regeneration. Denervation of the limb 
prevents regeneration in urodela [14] and in Xeno- 
pus [6, 27], and the nerve augmentation caused the 
regenerative growth in non-regenerating adult 
frogs, lizards and mammals [28-30]. As the natu- 
rally occurring and induced regenerates in the 
postmetamorphic frogs are all heteromorphic, ap- 
plication of the artificial means mentioned which 
induced and/or enhanced regenerative growth in 
the postmetamorphic forms must be useful in 
obtaining well organized regenerates. 


This work was partly supported by a Grant-in-Aid 
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ABSTRACT—The physiological characteristics of the egg shell, comprising of egg envelope, egg white 
and embryo, during development of the ovoviviparous snail, Sinotaia quadratus historica, were 
investigated. The uterus of the snail was found to contain eggs, embryos, larvae and young snails 
throughout the year but a marked increase of embryos and a decrease of young snails were observed 
from March to May. Fertilization and birth might therefore occur continuously in the seasons from 
spring to autumn, cease in winter, and increase markedly from March to May, without a special 
breeding season. The development of the embryo seemed to proceed faster than the growth of the 
young snail. 

The egg white surrounding the embryo contained water, proteins, neutral sugars and inorganic cations 
which decreased as development proceeded. However, the total weight of the egg shell increased 
during development, especially in the later stages. Increases in water and Ca** ions were remarkable 
and accounted for the total weight increase of the whole egg shell, suggesting their incorporation into 
the larva and young snail from outside the developing body, but exceeded the value by which the same 
components decreased in the egg white. These facts imply that water and Ca** ions for the growing 
snails are supplied from the mother’s body as a characteristic physiological feature of the ovoviviparous 
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snail. 


INTRODUCTION 


The freshwater snail (pond snail), Sinotaia quad- 
ratus historica, is common on and in the mud 
of rivers and rice fields in the suburbs of cities and 
the embryos in various developmental stages can 
be easily observed whithin the uterus (brood 
pouch) of female snails in all seasons throughout 
the year. Nevertheless, many problems remain 
unsolved, especially those concerning ovovivipar- 
ity and embryonic development. For example, 
although the developmental process of oviparous 
snails has been extensively investigated [1, 2], 
studies on the embryonic development of ovovi- 
viparous snails have been relatively rare. The 
morphology of gastrula and larva of the snail has 
been described by several investigators [3, 4], but 
studies on early development such as fertilization, 
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cleavage and gastrulation have been remained for 
further investigation, including the morphology, 
size of embryos, type and time course of develop- 
ment, perhaps because of the fact that embryos 
grow into young snails within the maternal uterus 
and because the size of eggs (40 2m) is too small to 
allow observation from outside the egg shell (4mm 
in diameter), as reported in the present study. 
Furthermore, the egg and embryo of the snail 
cannot survive outside the egg shell which contains 
a dense accumulation of egg white components [5]. 
Therefore, it has been required for the investiga- 
tion of developmental process of the snail to 
characterize the egg white components in which 
embryos and larvae survive and to establish the 
method of in vitro culture for embryos. 

In Japanese freshwater snails, the number of 
eggs and young snails carried in the uterus of S. 
quadratus historica females has been briefly in- 
vestigated by Okada and Kurasawa [6], and the 
conditions of birth and the growth and behavior of 
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young snails after birth have been observed in 
Cipangopaludina chinensis malleata [7]. However, 
no analysis of the developmental process was 
conducted for either of the two species. 

In the present study, the number and distribu- 
tion of eggs, embryos, larvae and young snails 
which were found in the uterus of a snail were 
investigated throughout the year in order to find 
out the breeding season and reproductive behavior 
of the snail, S. quadratus historica. Furthermore, 
a chemical characterization of the egg white en- 
closing the embryo and analyses of the inorganic 
cations present in the egg shell were carried out 
during embryonic development to elucidate the 
environmental conditions of ovoviviparity in the 
snail as a basis for studying the development of the 
animal. As a result of these studies, it was indi- 
cated that this kind of ovoviviparous snail feeds 
embryos, larvae and young snails in the mother’s 
uterus throughout the year without special breed- 
ing season and their growth depends not only on 
the egg white components but also on the supply 
from the mother’s body. 


MATERIALS AND METHODS 


Specimens of the freshwater snail, Sinotaia 
quadratus historica, collected throughout the year 
from streams, small rivers, ponds and rice fields in 
Saitama Prefecture, were used for the study. The 
snails were put into water at 20-25 °C to distinguish 
the sexes by tentacle morphology in which the 
right tentacle of the female was straight and out- 
stretched while that of the male was curled toward 
the outside. 

The shell of the female was mechanically broken 
and the soft body was placed in physiological saline 
solution (Chernin’s solution) containing 2.80¢ 
Na€l. 0. ise Kel, 0207 ¢ Nao) 074 5ic 
MgSO,:7H,0, 0.53g CaCl,-2H,O and 0.05¢ 
NaHCO, per liter (pH 7.3-7.5). The thin wall of 
the uterus was carefully dissected with small scis- 
sors and egg shell containing either an embryo or a 
larva were collected in the saline solution. The 
rough developmental stages of the embryos and 
larvae were determined with the aid of a dissection 
microscope ( x 10-20) from outside the egg shell as 
follows: The cleavage stage of the embryo was 


40-50 um in diameter and not easily discernible 
with the dissection microscope (Fig. 1A); the blas- 
tula was 50-60 ~m in diameter and detected as a 
tiny spot moving slowly by ciliary beating within 
the shell; the gastrula was 60-70 um in diameter, 
had a distinct archenteron like that of a sea urchin 
gastrula and was easily detectable as a slowly- 
moving spot (Fig. 1B); the trochophore larva was 
100-200 ~m in diameter, moving actively by rota- 
tion using a ciliated girdle in the central part of the 
larva (Fig. 1C); the veliger larva varied in size 
between 200 and 500 ~m in diameter and had two 
long tentacles, a foot and a hemispherical trans- 
parent shell (Fig. 1D). The young snail ranged in 
size from 500 to 5,000 um and had a characteristic 
spiral shell with patches of brown coloration (Fig. 
1E and F). | 


Analysis of egg white 

The egg shells were divided into 5 groups em- 
ploying a dissection microscope according to 
whether they contained an embryo in the cleavage 
stage, a blastula or gastrula, trochophore larva, 
veliger larva or young snail. The egg envelopes of 
60-100 egg shells collected separately in each 
group were torn off on nylon mesh (hole size, 
20-40 ~m) and washed with a definite amount of 
distilled and deionized water. The filtrate and 
washings of each group were combined and the 
volume was measured for use in chemical analyses. 
Water content was calculated from the difference 
of the weights before and after incubation at 60°C 
for 3 days. Weight of ash was measured after 
combustion of the dry material of each group at 
600°C for 24 hr. The content of neutral sugars was 
determined by the anthrone reaction using glucose 
as a standard [8]. Protein content was estimated 
by the Lowry method using bovine serum albumin 
as a standard [9]. 


Analysis of cations in the egg shell 


In order to estimate changes in the content of 
inorganic cations during development, the whole 
egg shell was used in the determination. After 
isolation of the egg shell from the uterus as de- 
scribed above, they were divided into 6 groups: (1) 
embryo at cleavage stage, (2) blastula and gas- 
trula, (3) trochophore larva, (4) veliger larva, (5) 
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Fic. 1. A dissection microscopical view of egg shells in the stages separated into 6 groups. A: 
cleavage stage embryo, B: blastula or gastrula, C: trochophore larva, D: veliger larva, 
E: younger snail, F: young snail. All figures are at the same magnification. Arrow indi- 


cates embryo. Bar corresponds to 1mm. 


young snail less than one third the size of the egg 
shell in diameter, (6) young snail larger than one 
third the size of the egg shell, as shown in Figure 1. 
In all experiments, 20 egg shells for each group 
were first estimated for wet weight and then incu- 


bated at 60°C for 3 days until completely dry. 
After estimation of the dry weight, half the dry 
material was burned at 600°C for 24 hr to obtain 
ash. Since the ash proved difficult to dissolvel 
completely, either in dilute or concentrated HCl, 
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the other half of the dry material, after the 3-day 
incubation at 60°C, was dissolved in 1N HCl, 
homogenized and used directly for analyses of 
Nat, K*, Ca?+ and Mg’t ion contents. The 
determination of inorganic cations was carried out 
using an atomic absorption photometer (Hitachi 
Model 508). All reagents used as standards were 
of analytical grade. 


RESULTS 


Monthly changes in the number of egg shells carried 
in the uterus 


Over the course of one year from April, 1982 to 
March, 1985, 10 females were collected monthly at 
the same location in a branch of the Arakawa 
river. The number of egg shells found in the 
uterus of each snail was counted and the stage of 
development was determined according to the 
criteria described in Materials and Methods. The 
results are summarized in Figure 2. 

Although the number of egg shells varied 
according to the size of individual females, 10-30 
egg shells were usually found in relatively large 
females and occasionally 50 shells were present. 
In each female collected, embryos and larvae in 
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various stages of development were found in every 
month even in winter when snails live in mud at a 
depth of 5-10cm. Especially, a marked increase 
of embryos and a decrease of young snails were 
observed from March to May (P<0.01 by Stu- 
dent’s ¢ test in both cases). 


Growth of embryos and larvae in the uterus 


Since eggs and embryos were too small to allow 
measurement of their individual weights, approxi- 
mate diameters of eggs and embryos deprived of 
their egg envelope and egg white were estimated 
by means of a microscope and their volumes were 
calculated and expressed as a ratio to the volume 
of an undivided fertilized egg, as shown in Table 1. 

An undivided egg 40 ~m in diameter was recog- 
nized in egg white which was drained from an egg 
shell about 4mm in diameter. A continuous in- 
crease in the volume of the embryo was recognized 
from the morula stage. However, since various 
sizes of embryos could be found even at the same 
stage among blastulae, gastrulae and larvae and 
since the precise developmental stages and proces- 
ses of this species of snail had not been previously 
eatablished, the range of relative values occurring 
in the volume of individual embryos and larvae 
which were found in the uterus is indicated in the 
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Monthly changes in the numbers and stages of embryos, larvae and young snails 


contained in uterus. Hatched bar: cleavage stage embryo, blastula and gastrula, white bar: 
trochophore larva, strippled bar: veliger larva, solid bar: young snail. All the bars indicate 
the average percentage of the number in each group to the total number contained in an 
uterus in the corresponding month. Vertical lines indicate the standard deviation (N=10). 
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TaBLeE 1. Changes of relative volume in snails 
during development as a ratio to the volume 
of the undivided fertilized eggs 


Stage Relative volume 
Undivided fertilized egg l 
2 cell l 
4 cell I 
8 cell I 
16 cell l 
32 cell 1.9 
Blastula 4.7-11.0 
Gastrula 31-50 
Trochophore larva 160-520 
Veliger larva 2,800—6,400 


Young snail 26 ,000—890 ,000 


table. 

By the gastrula stage, the embryo grew to about 
50 times its original volume and 500 to 6,000 times 
its volume, respectively, by the trochophore and 
veliger larval stages. Young snails reached almost 
a million times the volume of the original embryo. 
Accordingly, young snail occupied the whole space 
in egg envelope and then enlarged the envelope 
following the growth of the snail in the uterus. 


Changes in egg white components during develop- 
ment 


The egg shells collected were divided into 5 
groups and the egg envelope and embryo were 
removed to obtain the egg white as described in 
Materials and Methods. The results of analyses 
were summarized in Figure 3 and indicated that 
the major components of egg white were water 
(67.2%) and proteins (24.3%). Neutral sugars and 
ash were also present at 6.4% and 0.46%, respec- 
tively, as minor components at the cleavage stage 
of the embryo. The total weight of egg white and 
the components decreased following the growth to 
young snail (stages 4 to 5, P<0.01), although no 
significant change in their levels could be detected 
during early development, suggesting a remark- 
able consumption of egg white in the process of 
growth after metamorphosis. 

However, the relative changes of components 
during development showed a different aspect as 


in Figure 4. Proteins and neutral sugars decreased 
gradually during development but the relative 
value of the water content showed a corresponding 
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Fic. 3. Weight changes of egg white and the compo- 


nents contained in egg white during development. 
White square: egg white, solid circle: water, white 
circle: protein, solid triangle: neutral sugar, white 
triangle: ash. Vertical lines indicate the standard 
deviation (N=4). 
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Fic. 4. Changes in the relative weight of egg white 
components during development. Solid circle: wa- 
ter, white circle: protein, solid triangle: neutral 
sugar, white triangle: ash. Vertical lines indicate the 
standard deviation (N=4). 
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TaBLE2. Weights of egg shell and ash (mg per egg shell) 
Stage No. Wet weight Dry weight Water Ash 
1 MEDEA Sj.eae Ils 11.4+2.1 0.12+0.01 
2 19.1+3.4 OpasQ. 7 N3.Qae 239) OMS se OR0 
3 19.8+3.4 Sof se 0.0 dt aes) 0.10+0.01 
4 W.Sae il. 7 5.9) 220): IBS LO 0.11+0.01 
5 22.6+4.2 5).9) 360) W/.aehS) 0.13+0.01 
6 24.6+4.1 Sse). 7/ IQ. se SoS WY) ae \),23) 


The weight of water was calculated by the subtraction of dry weight from wet weight. All values are 
expressed as a mean+SD of four estimations. 


TABLE 3. Contents of ash and inorganic cations in the egg shell (ug per egg shell) 
Stage No. Ash Ca Mg K Na Total 
1 esas 5) Wloiae Of  SlseO. 1s [Moye NA D9 (OaEz. 7) exe) Sal) 
2 Wace 10) Ae OL 34:7 ae0,29) 28.8+3.8 64.5+1.5 1032 
3 HOS stages) UO.2ae OO © 240 se0.29 A) a2 Mol Do a2 525) 91.4+ 5.4 
4 Qae it UO2ae U.t 2 .d7ac 00% 15.2+1.4 70.6+1.9 98 3ictepey de 
=) lZSse 8 dae iO) 2O4bse0, Ns 23.0+1.4 (32S a6 ING. Vaz 4) 
6 (Z2A0sE734) Ssh a GT 5.35+0.74 28.7+4.9 W235 sE© 1067 +177 


All values expressed as a mean+SD of four determinations. 


increase (stages 4 to 5, 0.01<P<0.05). 


Changes in cations during development 


It was difficult to estimate the physiological 
changes occurring in individual embryo and larva 
because of their small size as shown in Table 1 and 
the problems inherent in collecting many embryos 
at the same developmental stage. Therefore, the 
egg shell containing the egg envelope and egg 
white, as well as the embryo, was used for this 
estimation. The egg shells collected were divided 
into 6 groups according to their developmental 
stages as indicated in Figure 1 and as described in 
Materials and Methods. 

After estimating the wet weights and dry weights 
of 20 egg shells for each of the 6 groups, half of 
each group was used for ash estimation and the 
other half was used for cation determination as 
described above. 

As shown in Table 2, the wet weight of the egg 
shell did not change up to stage 4 but increased at 
stages 5 and 6 (stages 4 to 6, 0.01<P<0.05), 
contrary to the weight change of the egg white, 
reflecting the consumption of the latter by the 


embryo and the growth of the young snail. This 
increase in wet weight of the egg shell corresponds 
almost to the increase in water (stages 4 to 6, 0.01 
<P<0.05). The dry weight (mainly composed of 
organic substances) did not change throughout 
development. However, an increase in the amount 
of ash was detected during development from 
stages 5 to 6 (P<0.01). As indicated in Table 3, 
80-90% of ash was comprised of Ca?*, Mgt, KT 
and Na* ions. Among these cations, a slight in- 
crease of Na content (almost double) was detected 
(P<0.01) and a remarkable increase of Ca was 
observed at stage 6 (P<0.01), reaching 10 times 
more than that at stage 5. Therefore, the composi- 
tion of cations in ash changed greatly during 
development, mainly as a result of the increase in 
Ca content, which accounts for the increase of ash 
observed at stage 6 and apparently exceeded the 
ash content in egg white. 


DISCUSSION 


The freshwater snail used in this study is very 
popular in the mud of rivers, rice fields and ponds 
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in Japan. Nevertheless, little has been known on 
the physiological and morphological changes dur- 
ing development of embryo because mainly of 
ovoviviparity of the snail and of small size of 
embryo in comparison with large size of the egg 
shell surrounding embryo. Especially, lack of the 
knowledges on the fertilization of egg, the process 
of cleavage and the time course of development 
obliged to use the rough grouping of develop- 
mental stages such as cleavage stage of embryo, 
gastrula, larva and young snail, in this study. 

As shown in Figure 2, the snail contained eggs, 
embryos, larvae and young snails in the uterus 
throughout the year. These results suggest that 
fertilization and birth might occur with a height in 
the spring throughout the year without a special 
breeding season except perhaps for the winter 
when animals are inactive, although the copulation 
season of the snail has not been determined. 
Furthermore, the fact that females had much more 
young snails in the uterus compared with the 
number of other stages of embryos may indicate 
that development from embryo to larva proceeds 
faster than the growth of the young snail in the 
uterus. Unfortunately, the length of time taken 
for each stage of development could not be deter- 
mined due to the fact that it has not yet been 
possible to establish an artificial culture method for 
embryos. 

In animals which grow mainly on the ground, 
such as birds, the weight of the whole egg de- 
creases gradually during development, unlike the 
eggs of animals which grow in water (oviparity) or 
in the mother’s body (viviparity). However, the 
eggs of ovoviviparous animals also increase in 
weight during development [10], especially during 
later development which is accompanied by pro- 
found growth. In the ovoviviparous snail used in 
the present study, no special connection between 
the uterus and egg shell was detected and egg shell 
moved gradually from the opening of the oviduct 
to the opening of the uterus as development 
proceeded. Nevertheless, the total wet weight of 
egg shells increased during later development, 
despite the observed decrease in the weight of egg 
white. For this kind of remarkable growth, a 
source of nutrition should be available either from 
the egg white contained in the egg shell or from the 
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mother’s body [10]. It is noteworthy that young 
snails grew up to 5mm in size and that the weight 
of egg white in the egg shell actually reached zero 
at the final stage of growth, although snails im- 
mediately prior to birth were not used in this 
experiment in order to obtain a definite amount of 
egg white, since young snails lost the egg white 
surrounding body before birth and sometimes 
hatched just before birth and sometimes after 
birth. 

The full-grown snail in the uterus was heavier 
than the egg shell containing embryo (Table 2). 
This increase observed in the wet weight of the egg 
shell during development was accounted for by the 
increase of water in the egg shell but exceeded the 
amount by which water decreased in the egg white. 
The sudden increase of Ca content in stages 5—6 
could not be accounted for by the available supply 
following the decrease of Ca in the egg white. 
Therefore, the increases in the contents of the egg 
Shell, at least those of water and Ca, must be 
supplied by the mother’s body in order to make the 
shell of the young snail. 

It is also conceivable that organic materials such 
as proteins and carbohydrates may possibly be 
substances which are supplied by the mother’s 
body, as reported in ovoviviparous dogfishes [10], 
because they would be expected to be consumed as 
energy sources for development, though they 
might be migrated from the egg white to the 
embryonic body as structural constituents and 
their contents did not show any significant differ- 
ence in appearance between early and later de- 
velopment periods. The in vitro culture of 
embryos will be necessary in order to analyze these 
changes. 

In the present study, the contents of water, 
proteins, neutral sugars and cations were analyzed. 
The other minor components of the egg shell and 
egg white and minor inorganic substances in ash 
remain for further analysis. These components 
seem to be important for the in vitro culture of 
embryos. By means of such experiments, it should 
be possible to gain a better understanding of the 
process and the time course of embryonic develop- 
ment and details of the life cycle of this ovovivipar- 
ous snail. 
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ABSTRACT—Larvae of the parthenopid crab, Parthenope (Platylambrus) valida De Haan, were 
successfully reared in the laboratory from hatching through megalopa stage on Artemia nauplii. Four 
zoea stages and one megalopa stage are described and illustrated in detail. 


INTRODUCTION 


Little has been known on the larval develop- 
ment of the parthenopid crabs. On the larval 
forms of the Japanese species, Parthenope (Platy- 
lambrus) valida De Haan, Aikawa [1] described 
the first zoea stage hatched out in the laboratory 
and Fukuda [2] reported some characteristics of 
larve from the first zoea through megalopa in a 
short note without figures. They adopted the 
names Lambrus valida De Haan and Platylambrus 
valida (De Haan), respectively. Heegaard [3] de- 
scribed the first zoea stage of two Mediterranean 
species, P. massena Roux and P. angulifrons Lat- 
reille (Lambrus massena Roux and L. angulifrons 
(Latreille)), presenting the chromatophore pat- 
terns in a color plate. Yang [4] was the first to 
study the complete larval development in P. (P.) 
serrata (H. Milne Edwards) from U.S.A. 

Parthenope (Platylambrus) valida, frequently 
found in the Sea of Enshunada, Central Japan, is 
distributed in Japan, China, Samoa, Singapore, 
Torres Strait and Queensland [5]. The purpose of 
the present paper is to give a detailed description 
of all developmental stages of this parthenopid. 


MATERIALS AND METHODS 


An ovigerous female used in the present study 
was caught with a gill-net from the bottom of the 
Sea of Enshunada consisting of sand and broken 
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shells, 15 m deep, on June 5, 1984. The female 
was kept alive in a running seawater aquarium (60 
x40 x30cm) with a sandy bottom until larvae 
hatched out. During the period, the female was 
not fed but water was renewed every three days. 
After hatching on June 12, 1984, the stage I zoeae 
were separated from the female and transferred to 
glass vessels (15cm in diameter, 10cm in depth) 
with filtered seawater from Enshunada about 7 cm 
deep, approximately 300 larvae being placed in 
each vessel. Newly hatched Artemia nauplii were 
given as food and culture water was changed daily. 
Water temperature at 11 a.m. during the period of 
observation ranged from 23.0 to 26.0°C. The lar- 
vae were checked daily for moulting and dead 
individuals were removed for microscope observa- 
tion, at least eight larvae and five exuviae at each 
developmental stage were preserved in 6% buf- 
fered seawater-formalin. The larval appendages 
for drawing were dissected in 80% lactic acid. 
Drawings were made by means of a camera lucida. 
Details of appendages were studied at a magnifica- 
tion x 400 or more. Three specimens of each stage 
were measured with a calibrated ocular micro- 
meter. The C length of zoeae was measured in 
lateral profile from the anterior edge of the eye to 
the extremity of the posterior margin of the cara- 
pace, and R-D length from the tip of the rostral 
spine to the tip of the dorsal carapace spine. C 
length of megalopa was measured dorsally from 
the base of the rostrum to the posterior margin of 
the carapace, and the C width across the widest 
part of the carapace. The size given for each stage 
is the arithmetic average of three specimens ex- 
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amined. 


OBSERVATIONS 


Four zoea stages were distinguished. Neither 
prezoea nor additional zoea stages were found in 
the present species. The minimum intermolt dura- 
tion was five days for stage I, four days each for 
stages II and III, and five days for IV. Thus, 
Parthenope (Platylambrus) valida took at least 19 
days to reach the megalopa stage. In zoeae, C and 
R-D lengths were 0.40mm and 0.91 mm, 0.45 mm 
and 1.03mm, 0.65mm and 1.80mm, and 0.70mm 
and 1.95 mm, from stages I to IV, respectively. In 
megalopa stage, C length and C width were 1.42 
mm and 1.03 mm, respectively. 


1. Zoea stages 


Structures remaining unchanged throughout 
zoeal development except for gradual increase in 
size 

Cephalothorax (Fig. 1, AI-AIV) spherical in 
shape, with rostral, dorsal and lateral spines, 
tapering terminally from thickened base. Rostral 
spine approximately as long as dorsal spine, but 
more than four times as long as lateral spines. 
Small protuberances present on forehead between 
rostral and dorsal carapace spines, and postero- 
dorsal part of carapace. Chromatophores (Fig. 1, 
AI-AIV, FI, FIJI, GIV) distributed on the lateral 
surface of carapace, at the base of dorsal carapace 
spine and basipods of both maxillipeds I and II. 
Abdominal segment II (Fig. 1, HI-HIV) has a 
mid-lateral spine projecting anteriorly on either 
side, and segment III with smaller one projecting 
posteriorly. The postero-dorsal margin of abdo- 
minal segments II to V with a pair of small hairs. 
Antenna II (Fig. 1, CI-CIV) consists of an elon- 
gated spinous process with two rows of minute 
spines on its distal half and a truncated exopod 
with two terminal setae unequal in size. Exopod 
about two-thirds the length of spinous process. 
According to Aikawa’s criteria [6, 7], this antenna 


II falls into the type By. Maxilla I (Fig. 1, 
DI-DIV) consists of a basal and coxal endites and 
two-segmented endopod. Endopodial setation is 
4-2-1 (i.e. four apical and two inner lateral setae 
on the distal segment, and one on the proximal). 
Maxilla II (Fig. 1, EI-EIV) as large as the maxilla 
I, much flattened, composed of basal and coxal 
endites, unsegmented endopod and large plate- 
like scaphognathite. Bilobed endopod has seta- 
tion of 3:2-2 (i.e. three apical and two inner setae 
on the outer lobe and two on the inner). Maxil- 
liped I (Fig. 1, FI, FIII) furnished with five- 
segmented endopod, bisegmented exopod and un- 
segmented basipod. Setation formula of basipod 
2-2-2-2 (i.e. four series of setae, two, two, two, 
and two from the base to the top). Maxilliped II 
(Fig. 1, GIV) very similar in structure to the 
maxilliped I, except for three-segmented endopod. 
Setation of endopod is 2-2—1-1 (i.e. two terminal 
and two subterminal setae on terminal segment, 
and one each on middle and basal segments), and 
that of basipod is 1-1-1-1 proximo-distally. Tel- 
son (Fig. 1, HI-HIV) lunate in shape, bearing a 
dorsal spine on each fork, thus falling into the type 
Ay +0 [8]. 


Appendages showing morphological changes 
during zoeal development 


Antennae I and IT 

Antenna I (Fig. 1, BIII, BIV) conical in shape, 
unsegmented, with a group of aesthetes and simple 
setae at its tip. Aesthetes and setae vary in num- 
ber with advance of stage: 2-2 (i.e. two aesthetes 
and two setae), 2-2, 3-3 and (9) (total number of 
aesthetes and setae), in stages I to IV, respective- 
ly. Endopod of antenna I first appears in stage III 
as a small bud at the basal region and grows up to 
about one-third the length of the antenna I in stage 
IV. Endopod of antenna II (Fig. 1, CI-CIV) still 
absent in stage II, but becomes visible in stage III 
in the basal region of spinous process as a small 
bud about half as long as spinous process. In stage 
IV, endopod about 1.3 times longer than spinous 


Rice: 
A, total view (lateral); 
G, maxilliped IT; 
ordinal numbers of zoea stages. 


B, antenna I; 


C, antenna II; 
H, abdomen (dorsal). Numerals associated with respective alphabets indicate the 
Scales: 0.1mm. 


Zoea stages of Parthenope (Platylambrus) valida De Haan. 


D, maxillal; E, maxilla ll; F, maxilliped I; 
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process. 


Maxilla I (Fig. 1, DI-DIV) 

Basal endite possesses five setae in stage I, and 
seven, ten or 11, and 15 in the subsequent stages. 
Setae on coxal endite are seven in number in the 
first two stages, increase to eight in stage III and to 
nine in stage IV. One developed plumose seta 
appears at the outer edge of basal endite in stage 
II, and retained throughout the subsequent zoea 
stages. 


Maxilla IT (Fig. 1, EI-EIV) 

Endites feebly bilobed, each lobe with several 
setae. Basal endite has setation of 4-4 (i.e. four 
setae on outer lobe and four on inner) in stage I, 
4-5 in II, 5-6 in III, and 6-6 in IV. Setation of 
coxal endite is 3-1:4 (i.e. outer lobe with three 
setae and inner lobe one apical and four lateral 
setae) in stages I and II, and 4-1:4 in stages III and 
IV. Scaphognathite in stage I has four plumose 
setae along its anterior and lateral margins, and a 
long plumose posterior projection, setation being 
4-1. Instage II plumose setae increase to 11, three 
of them situated along the rounded distal margin 
(setation: 8-3). In stages III and IV, setae on the 
whole margin increase to 25 or 26 and 29 to 31, 
respectively. 


Maxillipeds I and II 

Five-segmented endopod of maxilliped I (Fig. 1, 
FI, FIII) has a setation pattern of 4-1—2—1-2-2 
(i.e. four apical and one outer lateral setae on 
segment V, two on I, II and IV, and one on III) in 
stages I and II, and 4-2—2—1—2-2 on both III and 
IV. Exopod composed of two segments, ending in 
four natatory setae in stage I, six in II, eight in III, 
and ten or 11 in IV. Exopod of maxilliped II (Fig. 
1, GIV) also two-segmented, with four, six, eight 
or nine and ten terminal natatory setae in stages I 
to IV, respectively. 


Abdomen (Fig. 1, HI-HIV) 

Telson not separated from abdominal segment 
VI in stages I and II, articulation occurring in stage 
III. Postero-lateral spines of segments III to V 
rounded at its end in stage II onwards. Telson 
fringed with six spines on the distal border be- 


tween caudal furcae in stages I to III, a tiny spine 
added to the corner of median notch of the distal 
margen in stage IV. 


Pereiopods and pleopods 

Five pairs of pereiopods (Fig. 1, AI—-AIV) 
appear for the first time in stage II as biramous 
buds, undergoing further development during the 
following two stages. Pleopods (Fig. 1, AI-AIV, 
HI-HIV) first appear on the ventral surface of 
abdominal segments II to VI as small buds in stage 
III, developing into rod-like limbs in stage IV . In 
the final stage, each pleopod with a simple en- 
dopod; abdominal segment I without pleopods. 
Uropod smaller than pleopods without endopod. 


2. Megalopa stage 


Carapace (Fig. 2, A) globular in dorsal view, 
with elongated rostrum and a large dorsal spine, 
without lateral spines. Rostrum projecting for- 
ward about half the length of dorsal spine. Eyes 
are distinctly stalked. Antenna I (Fig. 2, B) with 
peduncle composed of three large segments, the 
basal one the largest. Distal peduncular segment 
with two flagella. The inner flagellum made up of 
a single segment. The outer flagellum four- 
segmented, with numerous aesthetes except for 
the basal segment. Antenna II (Fig. 2, C) elon- 
gated and seven-segmented (probably eight- 
segmented, as suggested by a suture surrounding 
the sixth segment). Setal formula 4-3-4-0-1-1-3, 
from distal to proximal. Mandible (Fig. 2, D) 
reduced to smooth cutting edge; three-segmented 
palp extending from the base with seven setae on 
its distal segment. Molar processes have dis- 
appeared. Endopod of maxilla I (Fig. 2, E) non- 
segmented, having seven setae, four apical, two 
subterminal and one located more basally. The 
number of setae on basal and coxal endites are 
about 22 and 13, respectively. Unsegmented 
endopod of maxilla II (Fig. 2, F) with one terminal 
and three inner setae. Setal formula of bilobed 
basal and coxal endites are 8-8 and 6-12, respec- 
tively. Scaphognathite very large, fringed with 
about 46 plumose setae. Maxillipeds I and II differ 
much from those of zoeae. Epipod of maxilliped I 
arising from coxopod (Fig. 2, G) well-developed, 
bearing ten long non-plumose setae along distal 
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D, mandible: E, maxillal; F, maxilla II; 


Fic. 2. Megalopa stage of Parthenope (Platylambrus) valida De Haan. 
A, total view (dorsal); B, antennal; C, antenna II; 
G, maxillipedI; H, maxilliped II; I, maxilliped III; J, 


and proximal margin. Bilobed protopod, mastica- 
tory in function, provided with numerous setae. 
Two-segmented exopod with four plumose setae 
on distal segment and one on outer side of proxi- 
mal segment. Endopod unsegmented, bearing two 
apical, four outer and four inner setae. Maxilliped 
II (Fig. 2, H) has many setae on the distal two of 
four segments of endopod. Two-segmented ex- 
opod has five terminal plumose setae on distal 
segment and non-plumose spine near the outer 
base of proximal segment. Epipod bud without 
setae. Maxilliped III] (Fig. 2, I) very well- 
developed. Five-segmented endopod _ bears 
numerous stout setae on all segments. Epipod of 
coxopod well-developed, bearing seven long non- 


telson (ventral). Scales: 0.1mm. 


plumose setae distally, and 13 setae proximally. 
Bisegmented exopod possesses six plumose setae 
on distal segment. Abdomen (Fig. 2, J) composed 
of six segments and telson, bearing four pairs of 
well-developed pleopods on the second through 
fifth segments and a pair of uropods on the sixth 
segment. Abdominal segment V with paired post- 
ero-lateral spines extending posteriorly beyond the 
middle of the next segment. Pleopods biramous ; 
endopods furnished with three hooked setae on 
their distal end; protopods without setae ; exopods 
larger than endopod and fringed with numerous 
plumose setae. Uropods (Fig. 2, J) uniramous, 
two-segmented, with one plumose seta on pro- 
topod, and five plumose setae on expod. Telson 
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TABLE 1. Comparison of the four species of Parthenopinae with 
Number Carapace Type of Type 
Species and reference of spine antenna of 
zoea stage RD) sey II telson 
Parthenope massena Heegaard, 1963 8 ++ + B,* A>+0 
P. angulifrons Heegaard, 1963 ? 5 ails pe B;* A> +0 
P. (Platylambrus) serrata Yang, 1971 6 ate ates B,* Ai+o 
P. (P.) valida Terada (this paper) 4 afte ate By Ajo 
R, rostral spine; D, dorsal spine; L, lateral spines; +, present; 


consists of a flat plate, without spines. Cheliders 
and walking legs (Fig. 2, A) well-developed and 
functional, with numerous setules on their surface. 
The fourth walking leg carries ventrally one long 
feeler near the tip of dactylus. 


DISCUSSION 


Regarding the larval development of Parthenope 
(Platylambrus) valida, Aikawa [1] reported on the 
features of the first stage zoea and Fukuda [2] 
briefly described the entire larval stages. The 
zoeae of the present species are provided with 
small protuberances on the forehead and in the 
postero-dorsal part of the carapace, a full sets of 
the carapace spines, the antenna II of the type By, 
and the mid-lateral projections in the abdominal 
segments II and III. These findings are in agree- 
ment with those reported by Aikawa and Fukuda. 
Furthermore, the present results accord well with 
Aikawa’s descriptions with respect to the setations 
of the endopods of the maxillae I and II, and to the 
type of the telson, but differ in the endopodial 
setation of the maxilliped II. In the present speci- 
mens, the endopod of the maxilliped II has the 
setation 2-2-1-1 (or 4-1-1), instead of 3-1-1 as 
Aikawa reported. The present results agree with 
Fukuda’s findings in the number of zoea stages and 
in the setation of the endopod of the maxilliped II. 
The telson is of the type A;,9 (or A,) as Aikawa 
[1] noted and not A; as Fukuda [2] reported. 

Major differences and similarities in structure of 
zoeae among P. (P.) valida and the three parth- 
enopids studied previously are shown in Table 1. 
The four species of Parthenope are similar to one 
another in the features of the carapace spines and 


the mid-lateral projections of the abdomen. 
However, the number of zoea stages, the types of 
the antenna II and telson, and the endopodial 
setations of the maxillae I and II are not always the 
same. In zoeae of both P. (P.) valida and P. (P.) 
serrata [4] , the endopod rudiment of the antenna | 
appears as a rod-like process in its basal region in 
the penultimate stage; a plumose seta on the outer 
side of the basal endite of the maxilla I remains 
unaltered from stages II to the last stage; setation 
of the endopod of the maxilliped I is 4- 1-2—1—2-2 
in the first two stages, but it changes into 
4.2—2-1—2-2 in the following stages; and the telson 
is separated from the abdominal segment VI by an 
articulation in stage III. The telson of P. (P.) 
serrata zoeae always bears three pairs of spines 
between the caudal furcae in all stages. By con- 
trast, a tiny spine is added in P. (P.) valida zoeae 
in the last stage. 

Megalopae dealt with in the present paper bear 
the rostrum and dorsal spine on the carapace, and 
a feeler on the dactylus of the fourth walking leg, 
as mentioned by Fukuda [2]. However, Fukuda 
[2] made no mention on many other characters of 
megalopae. The megalopae of P. (P.) serrata and 
P. (P.) valida are very similar in the feature of 
most of the appendages, although there are some 
minor differences between the two species. In P. 
(P.) valida megalopae, the exopod of the uropod 
has five plumose setae, whereas P. (P.) serrata 
megalopae, four setae. The basal segment of the 
antenna II has a large spine in P. (P.) valida, but 
the same appendage of P. (P.) serrata has no 
spine. The setae on the distal segment of the 
mandibular palp are seven in number in P. (P.) 
valida, although these are six in P. (P.) serrata. 


respect to major features unaltered throughout zoea stages 
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(ey 


Setation of endopod 


Setation of basipod 


Setation of inner 
lobe of coxal endite 


Mid-lateral 


projection 


Maxillal Maxillall MaxillipedII MaxillipedI MaxillipedII of abdomen — dite of maxilla II 
4—2-0* 7 Ale Mo i ? ? Segs. II and III ? 
4-2-0* A A 1-2-1* 2-2-2-2* ? Segs. II and III ? 

3: 2.2% 2 -2.2-2* 
4-2-1* (3:33av)* 4-1-1 (3:3:3:3av) l-1-1-1* Segs. II and Ill 1:4* 
4-2-1* 3:2-2 2-2-1-1 2+2-2-2 1-1-1-1  Segs. I and III 1:4 


* cited according to figure of reference. 
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Identification of Acid Mucopolysaccharides in Summer Cells in 
Adrenal Glands of the Frog Rana catesbeiana 


KOsUKE KAWAMURA! 


Zoological Institute, Faculty of Science, University of Tokyo, 
Tokyo 113, Japan 


ABSTRACT— Acid mucopolysaccharides (MPS) within the cytoplasmic granules of the “summer cell” 
in the adrenal gland of Rana catesbeiana were analyzed by means of histochemistry and electrophoresis. 
Metachromasia with toluidine blue and alcian blue staining at low pH ranges showed the existence of 
acid MPS in high concentrations. Based on methylation-saponification experiments, they were con- 
sidered to be sulfated MPS. Determination of the metachromatic peak wavelength by microspectropho- 
tometry and alcian blue staining under varying ionic conditions (shift of pH, critical electrolyte 
concentration technique and ion-association technique with cetylpyridinium chloride) showed that the 
acid MPS in the summer cells are less sulfated than heparin. Two-dimensional electrophoresis of MPS 
on cellulose acetate membranes revealed the existence of a heparitin sulfate-like component and 
chondroitin sulfate-like ones. It was concluded that two kinds of acid MPS exist in the cytoplasmic 
granules of summer cells. The results of nitrous acid treatment, PAS reaction and chondroitinase 
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digestion supported this conclusion. 


INTRODUCTION 


The microscopic structure of frog adrenal glands 
has been studied by many investigators. A major- 
ity agree that there are three cell types; lipid cells, 
chromaffin cells and eosinophilic cells. Since the 
cells that contain large numbers of lipid droplets 
appear to correspond functionally to the cortical 
tissue of mammalian adrenals, these cells can be 
called “cortical cells” although there is no cortico- 
medullary organization in the frog adrenals. The 
chromaffin cells of the frog are similar to those of 
other animal species, but the eosinophilic cells 
seem to have no counterpart in the mammalian 
adrenal gland, and there is great divergence of 
opinion concerning their origin and functional 
significance. Stilling [1] believed that they were 
present in appreciable numbers in the warm 
months of the year and therefore referred to them 
as the “summer cells”. Grynfelt [2] and Radu [3] 
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both regarded these cells as a kind of leukocyte 
present as “wandering cells” in the adrenal 
throughout the year. On the other hand, Kucner- 
owicz [4] thought they were not leukocytes but a 
distinct type of adrenal cell exhibiting cyclic 
changes in secretion and storage during different 
seasons of the year. More recently, several inves- 
tigators suggested a possibility of lipid cell to turn 
into summer cell by storing acidophilic granules 
[5-9]. On the contrary, Volk [10] suggested a 
similarity of summer cells to granular cells of the 
juxtaglomerular apparatus. Thus, the nature of 
these cells is differently interpreted, and almost 
nothing has been specifically demonstrated about 
their cytological characteristics. 

The purpose of the present investigation is to 
determine the chemical nature of the cytoplasmic 
components of summer cells, with special refer- 
ence to the demonstration and identification of 
acid mucopolysaccharides (MPS) within the cyto- 
plasmic granules. 
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MATERIALS AND METHODS 


Experimental animals 
[ 


Male and female subadult bullfrogs (Rana cates- 
beiana) were obtained from a commercial animal 
source in Tokyo and separately maintained in 
plastic containers at 25+1°C, the water being 
renewed every day. Some blocks of wood were 
provided to allow animals the option of an aquatic 
or terrestrial environment. Experiments were per- 
formed during winter months in order to avoid 
seasonal variation. 


Preparation of histological sections 


Animals were pithed and multiple biopsies 
about 1 mm thick were taken from the middle 
portion of the right adrenal and fixed in Carnoy’s, 
CPC-formaldehyde (1% cetylpyridinium chloride 
in 4% paraformaldehyde) or Karnovsky’s fixatives 
[11]. 

Rat mesentery was also fixed in Carnoy for 
comparison. The tissues placed in Carnoy’s fixa- 
tive or CPC-formalin were embedded in paraffin 
after dehydration and clearance in dioxane. Sec- 
tions of 5mm thickness were obtained. Those 
fixed in Karnovsky’s fixative were dehydrated in 
alcohol and embedded in methacrylate resin. One 
to two ym sections were made on a Sorvall MT-1 
ultramicrotome and the resin was eliminated in 
xylene before staining. Double staining with 
toluidine blue O and naphthol yellow S was per- 
formed on semi-thin sections according to Siegel 
[12]. 


Metachromatic staining 


Staining of the deparaffinized sections fixed in 
Carnoy were performed with 0.01% toluidine blue 
O (Grubler, Leipzig) dissolved in 0.02M Wal- 
pole’s sodium acetate-HCl buffer at pH 2.0 for 5 
min followed by a rinse in the same buffer (1 min) 
and deionized water (two times 0.5 min). Then 
the slides were drained off, air-dried and mounted 
in glycerol. Metachromatic spectra were recorded 
from cytoplasmic area by use of an Olympus 
microspectrophotometer MMSP according to the 
linear scanning method [13]. The recordings were 
carried out at different times after mounting in 


glycerol. A total of more than 50 cells were traced 
in each measurement. 


Differential staining of acid MPS with alcian blue 


AB (alcian blue 8GX)-staining at different pH 
was performed as described by Pearse [14]. Criti- 
cal electrolyte concentration technique in MgCl, 
solutions of graded concentrations was carried out 
at pH 5.8 after Scott and Dorling [15]. Selective 
unblocking procedures with CPC-formalin-fixed, 
dioxane-dehydrated specimens were performed 
according to Kelly et al. [16]. 


Treatment with nitrous acid 


Treatment of deparaffinized sections and the 
extracted MPS solutions with nitrous acid was 
carried out according to the reaction method A of 
Lindahl et al. [17]. Samples were treated with 
0.24M NaNO, in 1.8M acetic acid for 80 min at 
25°C. The reaction was interrupted by the addi- 
tion of ammonium sulfamate in molar excess over 
nitrite. Sections of cranial cartilage were similarly 
processed as a negative control. 


Other histochemical procedures 


The PAS (periodic acid-Schiff) reaction was 
performed according to Lillie and Fullmer [18]. 
Methylation with HCl-methyl alcohol and subse- 
quent saponification were carried out after Spicer 
[19]. Methylation by methyl iodide was effectu- 
ated as described by Terner [20]. For chondroiti- 
nase treatment of the tissue sections and the 
extracted MPS solutions, Proteus chondroitinase 
ABC (Seikagaku Kogyo Co., Ltd., Tokyo) was 
employed at pH 8.0 with 0.5% sodium acetate as 
an activator and 0.1% BSA as a stabilizer over 4 or 
7 hr [21, 22]. Sections of cranial cartilage were 
simultaneously processed as a positive control. 
Negative control sections were treated with 
vehicle. 


Extraction of MPS 


Adrenal tissues were collected from 80 animals 
in over 500 vol. of acetone. Since contamination 
with adjacent kidney tissue was inevitable, a renal 
portion without adrenal gland was similarly col- 
lected and processed by the same methods. The 
acetone was replaced by ethyl ether, and a dry 
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powder of the tissue was obtained by evaporation 
in vacuo at room temperature. The powder 
weighing 200mg was dissolved in 24ml of 0.5N 
NaOH and the solution was neutralized by the 
addition of ice-cold IN HCl. An equal volume of 
ice-cold 0.1 M tris-HClI buffer (pH 8.0, with 5mM 
CaCl.) was introduced and the mixture was heated 
to 80°C for 20 min. After cooling, 25 mg/g dry 
powder of pronase E (Kaken Pharmaceutical Co., 
Ltd., Tokyo) was added every 24 hr and protein 
digestion was performed at 37°C for 72 hr. At the 
end of this time, 0.25% (w/v) of sodium tungstate 
was added. After cooling to 0°C, ice-cold TCA 
was introduced to a final concentration of 5% and 
incubation was made at 0°C for 1 hr. The resulting 
precipitate was removed by centrifugation at 1,500 
xg for 15 min. The remaining TCA was removed 
by repetition of ice-cold ethyl-ether extraction in a 
separatory funnel. The aqueous phase became pH 
5 at the end of this procedure. This was recovered 
and brought to pH7 by the addition of cold 
ammonia water. The excess ammonia was re- 
moved by evaporation at 40°C. The solution was 
concentrated to 1 ml/g dry powder by ultrafiltra- 
tion and was adjusted to pH 7.0 by the addition of 
tris-HCI buffer solution (final concentrations; tris- 
HCl, 10mM; MgSO,, 3mM; NaCl, 10mM). 
Deoxyribonuclease, ribonuclease (Worthington 
Diagnostic Systems Inc., Freehold) and a-amylase 
(Seikagaku Kogy6) were added to the final con- 
centrations of 1 mg/ml and digestion was made at 
37°C for 24 hr. At the end of this period, ice-cold 
TCA was added to 5% and denatured protein 
precipitate was removed at 0°C. Resulting small 
molecules were removed by dialysis against three 
changes of 1 liter of deionized water. The sample 
solutions were concentrated in a rotary evaporator 
at 40°C and stored at —20°C. 


Electrophoresis 


Two-dimensional electrophoresis of the ex- 
tracted MPS was performed on 10 10cm cellu- 
lose acetate membranes (Separax, Jookoo Co., 
Ltd., Tokyo) first in 1M _ pyridine-formic acid 
buffer (pH 3.0) and subsequently in 0.1M barium 
acetate (pH 6.5) at a constant current of 1 mA/cm 
for 45 min [23]. One microgram of each MPS was 
applied. After electrophoresis, the acid MPS were 


stained with 1% AB solution in 3% acetic acid. As 
electrophoretic standards, ChS A, B, C (chon- 
droitin sulfates A, B, C), Hep (heparin) and HS 
(heparitin sulfate) were obtained from Seikagaku 
Kogyo Co., Ltd. DPS (dermatan polysulfate) was 
a gift from Dr. Akasaka. 


RESULTS 


Gross histology 


In the bullfrog adrenal glands, lipid cells were of 
the most prominent cell type. Summer cells were 
scattered throughout the gland and surrounded by 
lipid cells without exception. In the histological 
sections stained with toluidine blue O-naphthol 
yellow S, the summer cells could be clearly distin- 
guished from other cell types as green spherical 
cells, while the lipid cells were stained faint blue 
and the chromaffin cells bright red. Especially in 
tadpoles, eosinophilic granulocytes among adja- 
cent renal tubules were stained brilliant yellow. 
Thus, differential staining of the summer cells and 
the eosinophilic granulocytes was achieved 
although they were hardly distinguishable by con- 
ventional stains (Fig. 1). The nuclei of summer 
cells were always eccentrically situated while the 
nuclei of the cortical cells and the chromaffin cells 
were usually near the centre of the cytoplasm. The 
cytoplasm of summer cell was tightly packed with 
granules which were intermediate in size between 
large lipoid granules and small chromaffin gran- 
ules. 


Histochemistry of acid MPS 


Cytoplasmic granules of the summer cells were 
metachromatically stained with toluidine blue O 
down to pH 2.0. This was largely abolished during 
dehydration and clearance processes in ethyl alco- 
hol and xylene. Microspectrophotometry was car- 
ried out on glycerol-mounted sections without 
dehydration. The absorption peak wave length 
drifted and became lower after mounting in 
glycerol (Fig. 2a). Metachromatic spectra were 
recorded 3 days after mounting when the peak 
value became nearly constant. The metachromatic 
peak of summer cells was at 542nm while that of 
rat mesenteric mast cells was at 517 nm (Fig. 2b). 
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Fic. 1. Semi-thin section of the adrenal gland of a prometamorphic tadpole. Stained with toluidine 
blue O-naphthol yellow S. Summer cells are stained green, lipid cells faint blue (large arrows), 
chromaffin cells red, and eosinophilic granulocytes yellow (small arrows). 400. 
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Metachromatic spectra of summer cells (S) and rat mesenteric mast cells (M) as determined by 
microspectrophotometry. Stained with toluidine blue O, mounted in glycerol and stored at 25°C. a) Changes 
in peak wavelength after mounting. b) Metachromatic spectra 3 days after mounting. 
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Fic. 3. 
AB-staining at pH3.0. b) AB-staining at pH 2.0. c) Previous methylation with HCl-alcohol 
inhibits the stain. AB, pH 4.0. d) Pretreatment with nitrous acid partially abolishes the stain. 
AB, pH4.0. e) Summer cells are PAS-positive. f) Pretreatment with chondroitinase partially 


inhibits the stain. AB, pH4.0. 280. 


The results of AB-staining under different elec- 
trolyte conditions are summarized in Table 1. 
Briefly, the summer cells lost AB or blocking CPC 
molecules under milder conditions (low salt con- 
centrations and near neutrality) than rat mesenter- 
ic mast cells (Fig. 3a, b). 

Previous methylation of the specimens with 
HCl-methyl alcohol completely abolished the AB- 
Stain over the whole range of ion concentrations 
and pH shown in Table 1. Subsequent saponifica- 
tion did not restore the dye-binding capacity (Fig. 
3c). Methylation with methyl iodide did not in- 
hibit the stain at all. AB-stain was significantly 


Differential staining of acid mucopolysaccharides with alcian blue (AB) and PAS. a) 


weakened by pretreatment of the sections with 
nitrous acid but was not completely abolished (Fig. 
3d). The cytoplasmic granules, as well as the 
adjacent nephric tubules, were PAS-positive (Fig. 
3e). Chondroitinase treatment only partially inhi- 
bited the stain (Fig. 3f), while the AB-stainability 
was totally extinguished in the cranial cartilage. 
Under the microscope, some of the granules were 
found to be completely colourless and the others 
taking almost the same amount of dye as negative 
control specimens. Prolonged digestion with re- 
newed enzyme solutions up to 7 hr did not affect 
the result. 


TABLE 1. 


(1) Staining at different pH 
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AB-staining and restoration of dye-binding capacity after CPC-unblocking 


pH of dye solutions 


0.5 1.0 


Summer cell — — 


Rat mesenteric a a 
mast cell 


2.0 3.0 4.0 5.0 6.0 
— + + - + 
- - - - + 


(2) Critical electrolyte concentration (pH 5.8) 


Molarity of MgCl, (M) 


0.05 0.1 0.2 
Summer cell + + AP 
Rat mesenteric a. a te 


mast cell 


(3) CPC-unblocking 


Summer cell — 


Rat mesenteric 
mast cell 


Electrophoresis of extracted MPS 


Four kinds of acid MPS were separated by 
two-dimensional electrophoresis. The slowest 
component was similar to HS and the other three 
to ChS A, B and C in their relative mobilities (Fig. 
4a). The HS-like component disappeared after 
pretreatment with nitrous acid (Fig. 4b). On the 
other hand, the faster components were apparent- 
ly not affected at all. They were largely, if not 
completely, digested with a prolonged chondroiti- 
nase treatment up to 7 hr with an addition of the 
same amount of enzyme at 4 hr. No detectable 
amount of acid MPS was present in the kidney 
tissues. 


0.4 0.6 0.8 1.0 12 
+ = —— — — 
- + + - — 


Molarity of KCl (M) 


0.4 1.0 2.0 

— - + 

~ ~ + 
DISCUSSION 


The toluidine blue-naphthol yellow double 
staining procedure was found to be a quite useful 
stain for the adrenal tissue. By this technique, the 
three types of adrenal cells were clearly distin- 
guished under the light microscope. 

Metachromasia with toluidine blue at pH 2.0 
and AB-staining at pH 3.0 of the cytoplasmic 
granules imply that there exist some acid MPS in 
high concentrations [14]. Since previous methyla- 
tion with HCl-methyl! alcohol completely abolished 
the stain, and since subsequent saponification did 
not restore it, the main acidic groups in these acid 
MPS are expected to be sulfuric groups rather than 


Fic. 4. Electrophoresis of extracted acid mucopolysaccharides on cellulose acetate membranes. Stained with 
alcian blue. a) Two-dimensional electrophoresis. Abscissa, in 1M pyridine-formic acid at pH 3.0. Ordinate, 
in 0.1M barium acetate at pH6.5. 1mA/cm. One HS-like component and three ChS-like components are 
observed. b) The slowest HS-like component disappears after pretreatment with nitrous acid. Elec- 
trophoresed in 0.1 M barium acetate. c) Faster ChS-like components are partially digested with chondroiti- 
nase treatment. Electrophoresed in 0.1 M barium acetate. Abbreviations: ChS A, B, C, chondroitin sulfate 
A, B, C; DPS, dermatan polysulfate; Hep, heparin; HS, heparitin sulfate. 
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carboxyl groups [19]. Resistance to methylation 
with methyl iodide supports this inference [20]. 
Since CPC-blocking was released in KCl above 
1.0M, they are highly sulfated [16]. AB-staining 
under varying ionic conditions (differing pH, cri- 
tical electrolyte concentration technique and CPC- 
ion association technique) shows that the summer 
cells lose AB or CPC at milder conditions (pH 
near the neutrality and low salt concentrations) 
than rat mesenteric mast cells. This suggests that 
acid MPS in summer cells are less sulfated than 
Hep [14-16]. Furthermore, microspectropho- 
tometry of the metachromasia with toluidine blue 
has shown that the metachromatic peak 
wavelength of the summer cell cytoplasm is a little 
longer than that of the rat mesenteric mast cells. It 
has been established that the mast cells contain 
Hep in high concentrations [24, 25]. According to 
Enerback [26] and Tas [27], the shift of the 
metachromatic peak wavelength to a higher value 
is associated with lower concentrations of acidic 
groups within the MPS molecules. It can therefore 
be presumed that the summer cells contain less 
sulfated MPS like ChS and HS. Since HS is the 
only major acid MPS that is PAS-positive in 
histological sections [28], the presence of HS in 
summer cells is highly probable. Electrophoretic 
separation of the extracted MPS gives further 
evidence on this account. Two groups of acid MPS 
can be distinguished on the basis of two- 
dimensional electrophoretic separation; the slow- 
migrating component with a relative mobility like 
HS and the faster-moving ones like ChS. Since the 
former spot is sensitive to nitrous acid treatment, it 
is expected to be N-sulfated. The reaction is 
known to cleave only the N-sulfated glycosidic 
bonds within acid MPS molecules [17], and no acid 
MPS is known to be N-sulfated but Hep and HS. 
On the other hand, the latter spots are resistant to 
this treatment while they are digested by chon- 
droitinase ABC. Therefore, HS and ChS are con- 
sidered to be the main acid MPS in the extract. 
The facts that the summer cell granules are PAS- 
positive and that they can be partially decomposed 
by nitrous acid treatment seeem to indicate that 
HS-like and ChS-like acid MPS coexist within the 
cytoplasmic granules. Although chondroitinase 
treatment seems to affect only a limited population 


of granules, it cannot be determined from the 
present experiments whether the two groups of 
acid MPS are separately located in different 
populations of granules. 

The fact that the summer cell granules contain 
appreciable amounts of HS-like acid MPS suggests 
a similarity of the cell to the mast cell. This is 
consistent with the finding that the properties of 
the summer cells are intermediate between those 
of amphibian mast cells and those of higher verte- 
brates with regard to the presence of histamine and 
the reactivity to a histamine liberator (Kawamura, 
unpublished data). In this connection, it should 
also be remarked that only limited taxonomic 
groups of amphibians possess the summer cell, 
since it presumably represents a key step in the 
phylogenetic development of the mast cells in the 
vertebrate series [29]. 
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Circadian Rhythms in Locomotor Activity in the Hagfish, 
Eptatretus burgeri, and the Effect of 
Reversal of Light-Dark Cycle 
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ABSTRACT—The locomotor activity of the hagfish, Eptatretus burgeri, was measured by use of an 
infra-red light-photocell system. The hagfish showed a clear nocturnal rhythm of swimming activity 
under 12L: 12D (7: 00-19: 00 light, 19: 00-7: 00 dark). This activity occurred only in the first 2/3 of the 
dark-time. Hagfish kept in constant darkness displayed a distinct free-running rhythm. The intrinsic 
periodicity of free-running locomotor activity ranged between 23.0 and 24.7 hours. If the light-dark 
cycle was reversed (7: 00-19: 00 dark, 19: 00-7: 00 light), the activity pattern of the animal adapted to 
the new light regimen whether light-dark reversal was done by doubling the first light-time or by 
doubling the first dark-time. The average time necessary to shift to the new dark period was 12.7+0.9 
days by doubling the first light-time and it was 7.7 + 1.3 days by doubling the first dark-time. This shows 
that the phase shift occurs more easily by doubling the first dark-time than by doubling the first 
light-time. In the case of doubling the first dark-time, reversal was repeated one week after completion 
of the phase shift. The animal required 7.7+1.3 days for the first reversal and 8.7+3.8 days for the 
second to shift to the new dark period. This indicates that the phase shift does not occur more easily in 
second reversal, by which light-dark cycle returns normal (7: 00-19: 00 light, 19: 00O—7: 00 dark), than in 
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the first reversal. 


INTRODUCTION 


Studies of locomotor activity rhythms in aquatic 
animals are meager [1-5] in comparison with those 
in mammals and birds because of difficulty in 
either making field observations or providing nor- 
mal healthy conditions over prolonged periods in 
the laboratory. 

The hagfish, a cyclostome, is one of the most 
primitive vertebrates, so that its behaviour is in- 
teresting from the standpoint of its phylogenetic 
significance. The habitat of hagfishes, in general, 
is in deep oceanic water; consequently direct 
observation is usually impossible. Among the 
myxinoids, Eptatretus burgeri is unusual in that its 
habitat is seasonally in shallow water in the mid- 
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dle-southern part of Japan [6]. Kobayashi et al. [7] 
have reported seasonal migration by this species 
over a short distance; Eptatretus burgeri is col- 
lected from 6-9 meters in depth near Misaki 
Marine Biological Station from November to June, 
and is never caught there between July and Octo- 
ber. The animal migrates to deep water during 
this period apparently for spawning. Usually these 
hagfish are collected only at night by use of a trap 
containing sardines as bait. 

Fernholm [8] has succeeded in observing diurnal 
variation in the behaviour of Eptatretus burgeri in 
the same area by means of scuba diving; it remains 
within its burrow in the soft, muddy bottom 
during the daytime, but at least some of them 
actively swim during the night. These facts indi- 
cate that Eptratretus burgeri is nocturnally active 
under natural conditions. 

In the present study, the hagfish were kept in 
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aquaria and their behavior was recorded under 
various light conditions. 


MATERIALS AND METHODS 


The experiments were done in a laboratory 
room constructed in a sandstone cave on the 
grounds of the Misaki Marine Laboratory, to avoid 
external disturbances insofar as possible. 

An individual unit system containing one hagfish 
consisted of an aquarium (90 x 45 x 45 cm), a pump 
for circulating the sea water, a sand filter for 
cleaning the water and a cooler/heater for keeping 
the temperature constant throughout the experi- 
ment. The photoperiod was automatically contol- 
led by use of an automatic timer connected to a 
fluorescent lamp (15W, 670 Lux at the bottom of 
the aquarium) which was set over each aquarium. 
A small red lamp on the ceiling of the room was lit 
continuously even in the dark period (0 Lux at the 
bottom of the aquarium). 

The locomotor activity of the hagfish was mea- 
sured by means of an infra-red light-photocell 
system connected to an event recorded. At a level 
3cm from the top of the water, the infra-red light 
beam crossed the aquarium (45cm in distance) 
parallel to the water surface; signals were gener- 
ated when the animal swam off the bottom and 
interrupted the beam. 

The water temperature during these experi- 
ments was kept at 15°C for the following reasons; 
although the hagfish seasonally changes its natural 
habitat between depths of 6-8m (December- 
May) and 50m (June-July) and around 100m 
(August—October), the seasonal temperatures at 
such depths were observed to be within a range of 
14-16°C in Sagami Bay (measured by Kanagawa 
Prefectural Experimental Station for Fisheries). 

Prior to the experiments, the recently collected 
animals were kept in a large aquarium for more 
than 14 days under 12L:12D (lighting on from 
7: 00 to 19: 00). No food was given throughout the 
experiments. 

The data were statistically analyzed by Student’s 
EES. 


RESULTS 


1. Activity rhythm under 12L: 12D (7: 00-19: 00 
light, 19: 00-7: 00 dark) 

The hagfish behaviour was very distinctly differ- 
ent between day and night. They remained com- 
pletely motionless in “day” time. In the quiet or 
resting state, the hagfish remained on the bottom. 
The body position varied at this time from straight 
to a semicircle or a circle in shape. They were 
sometimes even dorsal side down. 

In striking contrast to this, the hagfish swam 
very actively in the “night” time. It swam up to 
near the surface of the water and along the edge 
of the aquarium. Occasionally animals were 
observed to leap straight up, exposing almost half 
of the body length to the air before falling back 
into the water. If the cover of the aquarium was 
not secured, hagfish sometimes escaped from the 
aquarium during the night. 

As shown in Figure 1, locomotor activity was 
totally restricted to the dark period (at night), and 
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Fic. 1. Locomotor activity recorded in a male hagfish 
(41cm in length, 150g in weight) kept in 12L: 12D 
(7:00-19:00 light, 19:00-7:00 dark). The activity is 
indicated by the vertical marks on the time line. 
The hagfish shows constant activity only in the first 
2/3 of the dark period. 


no activity was recorded in the light period (in the 
daytime) except for a few movements at the begin- 
ning of the light period. The swimming activity in 
the dark period under the stated time schedule 
started about 19: 15, and finished about 3: 00; that 
is swimming activity occurred only in the first 2/3 of 
the dark period. Thus, the animal exhibits a spon- 
taneous activity rhythm which does not completely 
coincide with the dark period. 
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2. Activity rhythm in continuous darkness 


Experiments were performed under continuous 
darkness to see if the rhythm would be maintained 
in tha absence of a daily light exposure. Hagfish 
which in preliminary tests exhibited a normal cyclic 
nocturnal rhythm, were subjected to continuous 
darkness. The hagfish exhibited a clear free- 
running rhythm (Fig. 2). Swimming activity was 
confined to a period approximating the original 
active phase of the animal, and no activity occur- 
red outside of this cyclic period. The calculated 
free-running period was about 23.0 hours in this 
test. 
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Fic. 2. Circadian rhythm of activity recorded in a 
female hagfish (50cm in length, 230g in weight) 
kept in constant darkness. Original record plotted 
twice. The calculated free-running periodicity is 
23.0 hours. 


in hours 


Experiments using animals collected at other 
seasons have shown that the hagfish display free- 
running rhythms irrespective of season, and that 
the endogenous periodicity of the locomoter activ- 
ity covers a range between 23.0 and 24.7 hours. 


3. The effect of reversal of light-dark (L-D) cycle 


Two protocols of transition to accomplish the 
light-dark reversal were adopted after prior stabi- 
lization of the hagfish in a normal L-D cycle 
(7: 00-19: 00 light; 19: 00-7: 00 dark). One was 
by doubling the first light-time, and the other was 
by doubling the first dark-time. 

1) The reversal of the light-dark cycle by dou- 
bling the first light-time 

As shown in Figure 3, the swimming activity 
pattern was similar to that of the previously estab- 
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Fic. 3. The phase shift of activity in a female hagfish 

(50cm in length, 190 g in weight) in reversed light- 

dark cycle achieved by doubling the first light-time. 

Underline shows light-time. Arrow marks the time 

of light reversal. The activity shifts to the new dark 
period after a delay. 


in hours 


lished normal L-D cycle for the first 5 days after 
L-D cycle was reversed at the point shown by the 
arrow. Thereafter the onset of activity appeared 
progressively later until finally it had shifted com- 
pletely into the dark period. This reversal of activ- 
ity required 14 days after reversal of the L-D cycle. 
On the other hand, the end of the activity was 
retained within the light period untill the 10th day 
after the reversal of L-D cycle. 

In another type of adaptation of the cycle (Fig. 
4), the onset of activity became later during the 
initial 3 days and then it advanced in the following 
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Fic.4. The phase shift of activity in a male hagfish 
(40cm in length, 90g in weight) in reversed light- 
dark cycle achieved by doubling the first light-time. 
The activity shifts to new dark period in advance. 
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days until activity started around 8:00 of the 
reversed day (in the dark) on 11th day. 

Three examples of this type of reversal were 
recorded. Such animals required 12.7+0.9 days, 
on average, to adapt to the new L-D cycle com- 
pletely. 

2) The reversal of light-dark (L-D) cycle by 
doubling the first dark-time 

Figure 5 indicates that the onest of activity 
began to be delayed on the first reversed day and 
shifted to the dark period completely by the 6th 
day. A second L-D reversal through the same 
protocol (at the second arrow point, Fig. 5) re- 
turned the light cycle to normal (7:00-19: 00 light, 
19:00-7:00 dark). In this case, the onset of activ- 
ity was delayed on the first day, and shifted to the 
new dark period completely by the 7th day. 

A similar result in a different individual is 
illustrated in Figure 6; after the first light reversal, 
the onset of activity shifted to the dark period by 
the 9th day, and after the second reversal, it had 
shifted completely by the 10th day. But the end of 
activity still occurred in the light period even on 
the 7th day after the first light reversal, and by the 
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Fic.5. The phase shift of activity in a male hagfish 
(38cm in length, 90g in weight) in reversed light- 
dark cycle achieved by doubling the first dark-time. 
Arrows mark times of light-dark reversal. Activity 
shifts to the new dark period in advance both in first 
and second light-dark reversals. 
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Fic.6. The phase shift of activity in a female hagfish 
(44cm in length, 155 g in weight) in reversed light- 
dark cycle achieved by doubling the first dark-time. 
Activity starts prior to the end of 24 hours dark-time 
at vertical arrows. 


Ath day after the second. It was noteworthy that 
the swimming activity invariably started prior to 
the termination of 24 hours of darkness in all cases 
of a three times reversal (vertical arrow points in 
Fig. 6). 

Three individual hagfish were examined with 
this reversal program and the average period re- 
quired for adaptation to the new L-D cycle was 7.7 
+1.3 days for the first reversal and 8.7+3.8 days 
for the second. 


DISCUSSION 


Among nocturnal animal species, it has rarely 
been found that cyclic locomotor activity is re- 
stricted exclusively to the night time as is shown in 
the hagfish by the present study. It is also a 
particular feature of the hagfish that in the night- 
time, activity is restricted to the first 2/3 of the dark 
period, and the animal is almost completely 
motionless in the final 1/3 of the night. This sug- 
gests that the hagfish has an intrinsic rhythm which 
is not directly regulated by light in the L-D cycle. 
The free-running rhythm under conditions of con- 
stant darkness is also very clear. Thus the hagfish 
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would seem to be advantageous for experimental 
analysis of circadian rhythms; the active phase can 
be discriminated clearly from the inactive phase. 

In the present study, it was found that the 
activity rhythm can be inverted by reversal of L-D 
cycle in two ways by doubling the initial light-time 
or by doubling the initial dark-time. It took 12.7+ 
0.9 days for shifting to the new dark period by the 
former, and 7.7+1.3 days by the latter; the differ- 
ence in the duration required for adaptation was 
statistically significant (P<0.05). It seemed that 
the reversal by doubling the first dark-time allowed 
the hagfish to shift to the new cycle more rapidly. 
Reversal of the activity cycle by doubling the first 
dark-time took 7.7+1.3 days and a second activity 
reversal took 8.7+3.8 days to shift to a new dark 
period; the difference in the transitional periods 
between the first and the second reversals was not 
statistically significant. This seems to mean that 
phase shift by a second light cycle reversal, by 
which L-D cycle turns back to normal, is not easier 
than that by the first reversal. There have been 
many reports of reversed circadian activity 
rhythms after reverse of L-D cycle in animals. The 
time required for adaptation to the new L-D cycle 
is commonly about one or two weeks; for reversal 
of drinking rhythm in rats 7.3+0.9 days are 
needed [9], and 11-16 days in Geotrupes silvaticus 
[10]. For reversal of diurnal body temperature 
cycle in man it takes 9-10 days [11]. 

For L-D reversal of activity by doubling the 
initial dark-time, the observed activity of the 
hagfish started prior to the end of 24 hours dark- 
ness in all cases of three times reversal (Fig. 6). 
This fact may be explained as follows; the animals 
used in this experiment had a shorter intrinsic 
rhythm than 24 hours, and when such an animal 
was exposed to 24 hours of continued darkness, 
the following activity cycle may have started spon- 
taneously prior to the termination of the darkness. 
However, it is possible that locomotor activity is 
suppressed by light and thus began to shift back- 
ward in the following days. It has been reported in 
many species of animals that light given in an early 
stage of the subjective night has a tendency to 
delay the phase. It seems likely that the hagfish in 
this study exhibits a similar tendency. 

During the traditional period in the L-D reversal 


experiment, a striking feature was observed in the 
mode of shifting of the initiation point and the 
termination point of the locomotion phase. These 
were Observed to shift in a non-parallel fashion; in 
Figure 6, for example, the initiation point was 
shifted gradually beginning from the first day 
reversal; in contrast, the termination point was not 
shifted beyond the end of light phase for 8 days, 
and then shifted to the dark phase abruptly on the 
next day. This fact seems to show that the 
mechanism of initiation and of termination of 
activity is different in response to L-D reversal. 
Patzner [12] has reported that the circadian 
locomotor rhythm of Eptatretus burgeri in the 
laboratory aquarium was apparent only for 7-8 
days; it then changed into an ultradian rhythm. 
He suspended plexiglass plates in the aquarium for 
recording contact signals made by the swimming 
animal, and his experiments were conducted under 
light at 30 Lux. The discrepancy in the results 
between his study and ours might be related to the 
several differences in the experimental conditions. 
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Photoperiodic Control of the Determination of Three 
Different Seasonal Phenomena of the Swallowtail 
Butterfly, Papilio xuthus L. 
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ABSTRACT— In Papilio xuthus, there are three different seasonal phenomena, such as pupal diapause, 
seasonal morphs and adult sizes. The first two phenomena were studied and shown to be controlled by 
photoperiod and temperature with the actions of the neuroendocrine systems of the brain. 

When insects were raised from the egg stage under a short daylength (less than 12.75-hr) at 20°C, the 
majority or all of them entered into diapause and developed into small adults of the spring morph. On 
the other hand, under a long daylength (greater than 13.5-hr), they all averted diapause and developed 
into large summer morph adults. Furthermore, even if they were held in the near-critical photoperiod 
(13- or 13.25-hr), each insects revealed clear responses (e.g. diapause or non-diapause) to the 
photoperiod in diapause and seasonal morph determination. But, in the size, most of these adults were 
of medium. 

When rearing temperature was 30°C, they developed into small adults as the spring morph, but their 
wings revealed more eminent characteristics of the summer morph than those of the large summer- 
morph adults which were reared in long-day conditions at 20°C. However, these morphological 
diversities occurred by the change of rearing temperature can be regarded as to be variations of each 
seasonal morph. 

The results indicated that the three seasonal phenomena of P. xuthus were determined simultaneously 
by photoperiod and temperature during the larval period. Furthermore, even if insects were held in the 
near-critical photoperiods, they revealed clear responses to the photoperiod in diapause and seasonal 
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morph determination, but in the size, they were of medium. 


INTRODUCTION 


In insects, there are many seasonal phenomena, 
such as diapause and seasonal polymorphism, 
which were shown to be controlled by photoperiod 
and temperature during the certain developmental 
stages [1-4]. 

Occasionally, one species of the butterfly ex- 
hibits prural seasonal phenomena (diapause and 
seasonal morphs), which are controlled also by 
photoperiod and/or temperature during the larval 
period [5-7]. Furthermore, the determination of 
these seasonal phenomena was found to be often 
mediated by different neuroendocrine (or endo- 
crine) systems [8-11]. However, the mechanism 
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intervening between andthe 
systems seldom studied. 
Furthermore, it has not been studied also how 
these prural neuroendocrine (or endocrine) sys- 


photoperiod 


neuroendocrine was 


tems to be activated (or inactivated) concurrently 
(or respectively) by the photoperiods. 

In the swallowtail butterfly, Papilio xuthus L., 
there are three seasonal phenomena (diapause, 
seasonal morphs and adult sizes). The first two 
were studied and shown to be controlled by photo- 
period and temperature acting during the larval 
period [7, 12]. Furthermore, the mechanism con- 
trolling the determination of these two seasonal 
phenomena were found to involve two different 
neuroendocrine factors of the brain [12, 13]. 

Hence, the present study attempts to clarify how 
these three seasonal phenomena of P. xuthus were 
determined concurrently under various photo- 
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periodic conditions. 


MATERIALS AND METHODS 


Animals Eggs of P. xuthus laid in the labora- 
tory were divided into groups so that each group 
consisted of about 200 eggs. Each group of the 
eggs and larvae was reared under various photo- 
periods at three different temperatures (20°C, 
25°C and 30°C). The photoperiod was changed 
depending on the groups for 2 hr increments from 
2 to 24 hr (constant light). Around near-critical 
photoperiods (12 to 14 hr), the increments were 
shortened to 15 min. 

Each photoperiod-controlled box (30x50 38 
cm) was equipped with a 10-watt white fluorescent 
tube, which was switched on and off by a 24 hr 
time-switch. In the light period, the light intensity 
was about 400 lux on two kinds of transparent 
containers (99x5cm and 19x13x5cm), where 
larvae were put. 

Larvae were reared with leaves of Fagara ailan- 
thoides, which were exchanged in the light period 
every day. 


Criterion for pupal diapause Pupae which 
showed signs of development—apolysis of wing 
epidermis and appearance of eye spots—within a 
month after pupation at each temperature were 
regarded as non-diapausing, whereas others as 
diapausing. 


1O04 |v Ale 
20 
80 
cD) 
WY) 
= 60 30°C 
Qo 
ae 
i<7_/H(0) 
20 
0 
Oreis2yt Gesell 
Photoperiod 
Fic. 1. 


Quantification of wing pattern Wing patterns of 
the butterflies were quantified by measuring eight 
pale yellow spots distributed along the central line 
of the dorsal side of anterior wing. The relative 
size of the 4th spot to the wing was found to be 
most suitable for this purpose. This index was 
used earlier as one of the indices for classifying the 
seasonal morph of this butterfly (Endo et al., 
unpublished). 

Difference of the wing patterns among the 
groups was examined by F-test based on this index. 


Analysis of insect size Insect size was obtained 
as a area of the wing; that is, the products of the 
wing width by the length. Difference of the insect 
sizes among the groups was tested by an analysis of 
variance in one-way classifications. 


RESULTS 


Photoperiodic response curves of pupal diapause 


For examining how insects respond to the given 
photoperiod and temperature in diapause deter- 
mination, photoperiodic response curves were 
obtained by exposing insects to photoperiods at 
2-hr increments from 2-hr to 24-hr (constant light). 
The temperature was always at a degree of 20°C, 
25n@ and 30i€: 

When larvae were raised from the egg stage 
under short daylength (less than 12-hr) at 20°C or 
25°C, all or most of them entered into diapause as 
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Photoperiodic response curves in diapause determination of P. xuthus at 


three different temperatures (20°C, 25°C and 30°C). 


Control of Seasonal Phenomena 


pupae. But, under long daylength (greater than 
14-hr), all of them averted diapause. At 20°C and 
25°C, the critical daylength inducing diapause in 50 
per cent of insects were about 13.15-hr as has been 
already reported in this butterfly [7]. However, 
when the rearing temperature was 30°C, the inci- 
dence of diapause under short day conditions 
decreased significantly (P<0.01). At 30°C, the 
critical daylength was 12.67-hr, which is about 30 
min shorter than those obtained at 20°C and 25°C 
(Fig. 1). 

The results indicated that larvae of P. xuthus 
measure the daylength with an error of less than 20 
min. Therefore, when larvae were reared under 
long daylength greater than 12.5-hr at 20°C or 
25°C, most of them entered into diapause, where- 
as, under short daylenght less than 11.75-hr, most 
of them averted diapause. Besides, when the rear- 
ing temperature is at 30°C, the critical daylength is 
shortened. 


Relative size of CLV (x10) 


Photoperiods 


Fic. 2. 
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Effects of photoperiod and temperature on the wing 
pattern 


To assess the effects of photoperiod and temper- 
ature on the wing pattern, larvae were raised from 
the egg stage under various photoperiodic condi- 
tions at 20°C or 30°C. After emergence, the adults 
were divided into two groups; that is, adults of the 
spring morph developed from diapause pupae and 
those of the summer morph originated from non- 
diapause pupae. Thereafter, wing patterns of the 
adults were quantified, respectively. 

As is summarized in Figure 2, the relative spot 
size to wing became greater significantly in both 
spring morph and summer morph adults (P< 
0.01), when they were reared under a near-critical 
daylength (12.25 hr at 20°C and 11.75 hr at 30°C). 
Furthermore, their wings were found to be 
adorned with relatively much greater pale yellow 
spots when they were reared at 20°C than reared at 
30°C (P<0.01). The changes of wing patterns 
occurred depending on the given photoperiodic 
and temperature conditions, but the variances 
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Relative sizes of the 4th wing spot to wing in butterflies raised from the 


egg stage under various photoperiodic conditions at 20°C and 30°C. Open and 
solid circles show the relative size of the wing spots in about 70 adults of spring 
and summer morph reared at 20°C, respectively, whereas open and solid 
triangles show those of spring and summer morph reared at 30°C. Straight 


bars show S.D. 
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were mostly included in the variance of each 
seasonal morph. 

The results indicated that insects raised in the 
near-critical photoperiod or at a low-temperature 
produce wings adorned relatively greater pale yel- 
low spots. Furthermore, when insects were reared 
under the near-critical photoperiod at a low- 
temperature, the two kinds of effects are summed 
so that they produce wings adorned with relatively 
much greater pale yellow spots. However, these 
changes were found to occur mostly within the 
99% confident field of each seasonal morph which 
was used earlier for classifying the seasonal 
morphs of this butterfly (Endo et al., unpub- 
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lished). 


Effects of photoperiod and temperature on the 
insect size 


For clarifying how the insect size changes by 
rearing photoperiods and temperatures, insect size 
(wing area) was examined with butterflies raised 
from the egg stage under various photoperiodic 
conditions at 20°C and 30°C. 

Butterflies of the summer morph originated 
from nondiapause pupae had significantly greater 
wings than those of the spring morph derived from 
diapause pupae. This tendency was much more 
obvious when they were raised from the egg stage 
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stage under various photoperiodic conditions at 20°C and 30°C. Open and 
solid circles show the wing sizes in about 70 adults of spring and summer 
morph reared at 20°C, respectively, whereas open and solid triangles show 
those of spring and summer morph reared at 30°C. 
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at 20°C than raised at 30°C. However, when they 
were reared under the near-critical photoperiods, 
most adults of the spring and summer morphs were 
of medium size, although they exhibited clear 
responses in diapause and seasonal morph deter- 
mination (Fig. 3). 

The results indicated that the adult size of P. 
xuthus may be determined by photoperiod and 
temperature and be linked with diapause and 
seasonal morphs. However, when the rearing 
temperature is high, it may cause the insect size to 
be small. 


DISCUSSION 


Our present study clarified that three seasonal 
phenomena of P. xuthus, that is, pupal diapause, 
seasonal morphs and adult sizes, are determined 
by photoperiod and temperature during the larval 
period. 

When insects were raised under diapause induc- 
ing (short-day) conditions, all or most of them 
entered into pupal diapause. After diapause de- 
velopment, they emerged as the small spring 
morph. On the other hand, when insects were 
reared under diapause averting (long-day) condi- 
tions, they all averted diapause and developed into 
large summer morph. Under the near-critical 
photoperiods, each insect reveals clear responses 
to the photoperiod in diapause and seasonal 
morphs. But, the adults of the summer and spring 
morphs are mostly of medium in the size. 

Determination of the first two seasonal phe- 
nomena (diapause and seasonal morphs) has 
already been shown to be mediated by two dif- 
ferent neuroendocrine factors of the brain in this 
butterfly [12, 13]. Furthermore, secretion of the 
factors was stimulated (or inhibited) synchro- 
nously by long (or short) days exerted during the 
photoperiod-sensitive stage, which starts on the 
day of the first larval-larval ecdysis and ends on the 
middle day of the Sth instar (Endo ef al., unpub- 
lished). Besides, with respect to the determination 
of adult sizes, our present study could not provide 
any evidence for explaining the phenomenon. 
But, in Manduca sexta, juvenile hormone is found 
to play a significant role in the determination of the 
insect size: the hormone puts off the secretion of 


prothoracicotropic hormone in the larval stage and 
causes the insect to be larger [14]. If the juvenile 
hormone is one of the factors connecting between 
photoperiod and adult size determination in P. 
xuthus, the secretion of juvenile hormone may be 
controlled by photoperiod during the larval 
period. However, under the near-critical photo- 
periods, the secretion of juvenile hormone may be 
controlled not so successfully as to be done in the 
secretions of the other two neuroendocrine factors 
of the brain. Because, under the near-critical 
photoperiods, insects were of medium in size but 
they did not emerged as the intermediate morph. 

At a high-temperature (30°C), 10 to 40 per cent 
of the insects averted diapause and developed into 
summer morph, even if they were raised from the 
egg stage under diapause inducing photoperiods. 
This phenomenon is often explained by the re- 
quired day number of short days for diapause 
determination [3]; at a high-temperature, insects 
develop so rapidly that they may not experience 
enough short-day cycles for diapause determina- 
tion during the photoperiod-sensitive stage. 
However, when the exposure to short-day cycles 
was shortened by photoperiodic transfer from 
short-day to long-day, the majority entered into 
pupal diapause and emerged as the spring morph. 
But some of them responded to the given long-day 
conditions and averted diapause. The adults were 
found to have mostly spring-morph-like wings 
(Endo et al., unpublished). In our present study, 
we could not provide any evidence to solve a 
question why the adults reared under short-day 
conditions at 30°C and developed without diapause 
have wings of the typical summer morph. Further 
study is deserved to solve this question. 
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Medusa of Fresh-water Hydroid, Astrohydra japonica Hashimoto 


HirosHi HASHIMOTO 


Department of Biology, Faculty of Education, Shizuoka University, 
836 Ohya, Shizuoka 422, Japan 


ABSTRACT—Astrohydra is a minute fresh-water hydroid described from Japan, 1981. The polyp 
reproduces asexually by giving off the frustule as in Microhydra, but the sexual reproduction has not 
been found. In 1984, unexpectedly medusae appeared from Astrohydra reared in the laboratory. The 
medusa bud of Astrohydra is lacking in a basal stem which is normally seen in Microhydra, so the 
medusa of Astrohydra is directly released from the lateral of polyp body. The newly released medusae 
are only 0.5mm in diameter and hemispherical in shape, with four long perradial and four short 
interradial tentacles. The tentacles of this medusa bear many bristle-like papillae with one to two 
nematocysts on apices. A papilla consists of only a vacuolate single cell and sometimes reduces to a 
short process especially when the tentacle is contracted. The radial canals are mostly four in number 
and the manubrium forms a quadrangular prism, of which basal portion holds the stomach. The oral 
part bears four small lips. The statocysts are devoid of tubular appendages. One medusa survived for 
28 days after liberation and grew to a diameter of 1.35 mm with 29 tentacles and 15 statocysts, but the 
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gonads were not formed. 


INTRODUCTION 


An unknown minute polyp was discovered by 
the author from a fresh-water pond, Nomorinoike, 
Shizuoka Prefecture, Japan, 1974[1]. The polyp is 
always solitary and is provided with fine filiform 
tentacles and thus it is readily distinguished from 
the well-known fresh-water polyp, Microhydra 
which is normally colonial and always devoid of 
tentacles. This new tentacled polyp was reared in 
the laboratory and minutely compared with the 
polyp of Microhydra. The new fresh-water hy- 
droid formed asexually the frustule bud as in 
Microhydra, but it never formed the medusa bud. 
The hydroid was described by the author as a new 
genus, new species, Astrohydra japonica 1981, but 
the description was inevitably based on only the 
polyp and the frustule stage [1]. The author added 
another strain of Astrohydra from Kujiragaike, 
Shizuoka City and tried to induce medusa bud on 
polyp, but all these attempts ended in failure. The 
author thus once considered that Astrohydra may 
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be lacking in the medusa generation. 

In 1984, (May-June), Astrohydra reared in 
laboratory unexpectedly formed medusa buds [2]. 
Three medusae were continuously released from a 
polyp from Nomorinoike, May 28, 30, and June 4. 
In addition, another polyp from Kujiragaike 
formed one medusa bud and it was liberated on 
June 15. After all, four medusae in all were 
obtained in succession in early summer of this 
year, but after that no medusa bud was formed. 

The medusae of Astrohydra observed were thus 
very few in number and only short-lived except for 
one individual which survived for 28 days after 
liberation. The discovery of the medusa genera- 
tion of Astrohydra is, however, of importance to 
elucidate the relationship of this animal. This 
medusa is also notable as the third of the world 
fresh-water medusae following two genera Mi- 
crohydra (=Craspedacusta) 1880 [3] and Limno- 
cnida 1893 [4]. Indeed, the discovery of the medu- 
sa of Astrohydra is after an interval of more than 
90 years from that of the second medusa, Limno- 
cnida. 

In this paper, the young medusa of Astrohydra 
Japonica and its growth are described. Microhydra 
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described in this paper is based on the material 
from Shizuoka Prefecture, 1984. 


MATERIALS AND METHODS 


Two clones of Astrohydra japonica from Nomo- 
rinoike, October 30, and from Kujiragaike, 
November 23, 1983, were reared in the laboratory. 
Polyps were settled on the frosted side of a frosted 
glass board, 5.55.5cm, and kept in Petri dishes, 
2 cm in depth and 8.5 cm in diameter. A small 
fresh-water rhabdocoal, Stenostomum leucops 
(Ant. Duges) and an aquatic oligochaete, Aeolo- 
soma bengalense Stephenson are used as main 
preys of the polyps. The medusae released were 
reared in the glass vessels, 8 cm in diameter and 6 
cm in depth. As the prey for medusa, a piece of 
living Stenostomum were given. Rearing was at 
room temperature. 


RESULTS 


Young medusa 


The medusa bud of Astrohydra japonica is rec- 
ognized as a large dome-shaped swelling formed 
on the lateral of the polyp. In the early stage, the 
center of this swelling has a small germinal in- 
vagination which develops into the ectodermal and 
endodermal layers of umbrellar cavity, manu- 
brium, velum and also a part of tentacles. The 
medusa bud is covered with mucous transparent 
peridium till before liberation. As the polyp is 


Fic. 1. 
s, stem of medusa bud; f, frustule bud. 


attached perpendicularly to the base, the bud 
swells out horizontally (Fig. 1A). The medusa 
bud of Astrohydra always grows without forming a 
basal stem or stalk, so the umbrella is directly 
connected with the lateral of the polyp body until it 
is released. After the medusa is budded off, no 
scar remains on the polyp. 

One polyp from Nomorinoike formed succes- 
sively three medusa buds for a short period within 
a week and one polyp of different clone from 
Kujiragaike formed only one bud. All of those 
were liberated and successfully swam out. It took 
about three days from the beginning of the bud 
formation to the liberation of the medusa. Room 
temperature at this time was 21-23°C. 

The umbrella of new-born medusa is approx- 
imately 0.5mm in diameter and hemispherical in 
shape. The surface of umbrella is armored with a 
large number of nematocysts. Mesogloea is trans- 
parent, thin in apical portion and thick in lateral 
portion of the umbrella. There were four radial 
canals in three medusae and five in one medusa. 
Each canal is simple, without branch or ramifica- 
tion and runs straight, connecting to the ring canal 
along bell margin. Tentacles consist of long perra- 
dial and short interradial ones (Fig. 2A). The 
number of perradial tentacles always coincided 
with that of radial canal, but the interradial tenta- 
cles varied from zero to four in number. All 
tentacles are hollow, without distinct bulb, and 
bear many bristle-like papillae with one to three 
nematocysts on apices. A papilla is not cirrus but 
is only a vacuolate single cell of epidermis. The 
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Astrohydra japonica (A) and Microhydra sowerbii (B). m, medusa bud; 
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Fic. 2. 
one day after liberation (oral view). 


papilla is normally long and straight, but often 
reduces to a short process particularly when the 
tentacles are contracted or when the medusa is in 
some way unhealthy. Nematocysts are scattered 
on the surface of tentacle, besides on apices of the 
long papillae. Manubrium is a small pouch, some- 


Youngest medusa of Astrohydra japonica (A) and Microhydra sowerbii (B), within 


what tapered, with four small lips on apex and is 
always filled with coelomic fluid. Basal portion of 
the manubrium functions as the stomach. The 
velum is broad and its rounded aperture is rather 
narrow. Statocysts are not found in the newly 
released stage. 
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Fic.3. Young medusa of Astrohydra japonica (A) and Microhydra sowerbii (B), seven 


days after liberation (side view). 
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Growth of medusa 


One of four medusae survived for 28 days after 
liberation but others died of disease in the early 
stages. In those medusae, statocysts appeared two 
to three days after liberation and were always 
sherical in shape without velar centripetal canals. 
The statocyst is variable in size and few in number. 
Nematocysts scattered on the surface of exumbrel- 
la gradually decreased in number and became 
almost invisible about two weeks after liberation. 
The umbrella did not tend to transform into a 
dome-like shape and kept its original hemi- 
spherical form even four weeks after liberation. 
The hemispherical form of umbrella is thought to 
be characteristic of the medusa of Astrohydra. 
The velum of this medusa is very broad and holds 
horizontally, but its central aperture is not en- 
larged even in later stages. For about three to five 
days after liberation, the medusa bore only perra- 


Fic.4. Photograph of living medusa of Astroydra 
Japonica 28 days after liberation (A) showing bristle- 
like papillae on tentacles (B). A, X22; B, x55. 


dial and interradial tentacles as mentioned above, 
but after that adradial and eradial tentacles 
appeared (Fig. 3A). The number of tentacles 
gradually increases and the length of each tentacle 
finally becomes similar to be longer than the 
diameter of the umbrella. At this stage, the manu- 
brium forms a quadrangular prism, of which the 
basal portion holds the stomach. The oral part is 
simple, only closed with four small lips which are 
not plicated. The peduncle is not formed. The 
author searched for the anlage of gonad, but could 
not find out it anywhere at this stage. One indi- 
vidual grew to a diameter of 1.35mm with 19 
tentacles and 15 statocysts (Fig. 4), but did not 
advanced any further. At present, the condition to 
induce the formation of the medusa bud of this 
hydroid is unknown. 


DISCUSSION 


The medusa buds of the previously known fresh- 
water hydroids, Microhydra and Limnocnida, de- 
velop on basal stem [5-7]. The polyp of Microhy- 
dra is colonial and attached obliquely to the base, 
and the stem of medusa bud normally grows 
erectly (Fig. 1B). After the medusa is budded off, 
the stem is left on the polyp but is soon absorbed 
by means of autolysis. It is of interest that in a 
marine hydroid, Eutima, the basal stem together 
with reduced polyp remains on the apex of the 
umbrella as a small remnant, which falls off later 
from the medusa and forms a new polyp [8]. In 
Astrohydra, the medusa bud never forms such 
basal stem or stalk and the top of the umbrella is 
directly connected with the lateral of the polyp 
until it is separated. After the medusa is released, 
no scar remains on the polyp. 

The medusa of Microhydra is hemispherical at 
first but it swiftly transforms into a distinct dome- 
like shape. According to the author’s own 
observations, the transformation usually begins 
only two to three days after liberation and is 
almost completed after about ten days at 25°C. 
Such a distinct change of the bell form induces a 
rapid increase in the diameter of the bell and 
enlargement of the aperture of the velum. On the 
other hand, the medusa of Astrohydra kept its 
original hemispherical umbrella even after four 
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weeks from liberation. The increase of the bell 
diameter is very slow in comparison with that of 
Microhydra (Fig. 5), and the aperture of velum is 
not enlarged at all. 

There are mostly eight tentacles in the youngest 
medusa of Microhydra and all are subequal in 
length (Fig. 2B). In the early stage of the Astrohy- 
dra medusa, the perradial tentacles are much 
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longer than the interradial ones, but in the later 
stage, they all become the same length. The in- 
crease in the number of tentacles with growth is 
remarkable in Microhydra, but is inconspicuous in 
Astrohydra (Fig. 6). The rate of increase of tenta- 
cles of each medusa well coincides with each 
growth curve of the bell. 

The bristle-like papillae on the tentacle are 
diagnostic character of the medusa of Astrohydra. 
The papilla is rather suggestive of the contractile 
stalk of nematophore found on the tentacle of the 
Gemmaria medusa [9]. The contractile stalk of 
nematophore is said to be amoeboid and is some- 
times designated as cnidophore [10]. The papilla 
of the tentacle of Astrohydra is not amoeboid and 
not homologous with the cnidophore but possibly 
originated from a short papilla bearing the 
crowded nematocysts, which is not unusual in the 
tentacles of hydromedusae or even in some 
scyphomedusae. The long papilla of Astrohydra 
medusa is often reduced to a short process as 
mentioned above and such reduced form just 
resembles the short papillae scattered on the tenta- 
cles of the Microhydra medusa. The papillae of 
the latter, however, never lengthen at any stage in 
its life. 

In Microhydra, the base of the manubrium of 
medusa is always stretched to form a quadrangular 
gastric cavity, stomach, while in Astrohydra, the 
manubrium hangs from the center of the sub- 
umbrellar surface without basal quadrangular 
stretching of the cavity and only the proximal half 
of the manubrium holds stomach. In the medusa 
of Microhydra, the anlage of gonads is formed on 
the base of each radial canal in the early stage, 
within a week after liberation. On the other hand, 
in the medusa of Astrohydra, there was no sign of 
gonad anywhere even four weeks after liberation. 

Naumov erected family Microhydridae consist- 
ing of a single genus Microhydra [11]. He synony- 
mized Limnocnida as Microhydra, but the author 
again separated it as a distinct genus [1]. Thus, 
now Microhydridae comprises three genera Mi- 
crohydra, Limnocnida, and Astrohydra. The hy- 
droid of Astrohydra is, however, singly separated 
from the other two genera in that the polyp is not 
colonial but is normally solitary with fine tentacles. 
The medusa of Astrohydra is also distinct from the 
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other medusae in its peculiar bell-shaped umbrella 
and the presence of the long bristle-like papillae on 
tentacles. Thus, as a whole, Astrohydra is rather 
distant from the other two genera. 
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Geographic Variation of Chromosomes and External Morphology in the 
montanum-subgroup of the Leiobunum curvipalpe-group (Arachnida, 
Opiliones, Phalangiidae) with Special Reference to 
Its Presumable Process of Raciation' 
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ABSTRACT—The montanum-subgroup of the Leiobunum curvipalpe-group (Opiliones, Phalangiidae, 
Leiobuninae) is revised based on analyses of external morphology, genitalia, and karyotypes. The 
constituents of this subgroup are regarded as a single polytypic species, L. montanum Suzuki, comprised 
of six geographic races. Letobunum virgeum Suzuki is considered as a synonym of L. montanum. Five 
of the races were chromosomally surveyed. It was found that karyotypes of these races exhibit a wide 
range of variation in chromosome number from 2n=18 to 26. Component chromosomes in these 
karyotypes were invariably meta- or submetacentric in structure. Therefore, this numerical variation 
cannot be ascribed to Robertsonian rearrangement alone. Presumable process of raciation in this 
species is presented. My interpretation of the spatial patterns of geographic variation in this species is in 


accordance with the stasipatric model of speciation. 


INTRODUCTION 


This paper is the second in a series dealing with 
the taxonomy of harvestmen belonging to the 
Leiobunum curvipalpe-group. The curvipalpe- 
group and its subgroups are defined in the first 
paper of this series [1]. The montanum-subgroup 
is comprised by only one species, L. montanum 
Suzuki. It is found in several limited mountainous 
areas of western Japan, extending from Mt. Sobo 
in Kyushu to Mt. Shirouma in the Northern 
Japanese Alps [1, 2]. This subgroup abounds in 
geographic variations in external morphology, 
male genitalia, and karyotypes [2, 3] and has been 
divided into four taxa [2]. In this paper this sub- 
group is redescribed as one species comprising six 
geographic races, together with various new in- 
formation, especially concerning karyotypes. 
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The most interesting feature of this polytypic 
species, from the standpoint of evolutionary biolo- 
gy, is its geographic pattern of karyotypic varia- 
tion; which follows the stasipatric model of specia- 
tion advocated by White [4]. The raciation process 
within this subgroup will be inferred from this 
geographic pattern of variation. 


MATERIALS AND METHODS 


A total of 538 specimens collected from 13 
localities were used in the comparison of external 
morphology. They are listed under “Specimens 
examined” together with their depositories (unless 
otherwise noted specimens are in my personal 
collection). Acronyms for other depositories are 
listed below under “Species Description”. 
Chromosome observations were made from 4] 
specimens covering five races by squash method 
using acetic orcein (1981 preparations) and the 
air-drying method (1982 preparations). The air- 
drying technique used is described in detail by 
Tsurusaki [1]. 


768 N. TSURUSAKI 


SPECIES DESCRIPTION 


The format of the descriptions follows Tsurusaki 
[1]. All the measurements are in millimeters. 
Abbreviation used: ZLHU= Zoological Labora- 
tory, Faculty of Science, Hiroshima University, SC 
=Dr. Seisho Suzuki’s personal collection, NT= 
N. Tsurusaki, BL=body length, CL=cepha- 
lothorax length, FiL=femur one length, PL=palp 
length, Fe=femur, Pa=patella, Ti=tibia, Ta= 
tarsus. 


montanum-subgroup (1 species, 6 races) 
Leiobunum montanum Suzuki 


(Figs. 1-10) 


Liobunum montanum Suzuki, 1953 [5], p. 188, figs. 6-7 
(type: Mt. Ishizuchi, Shikoku, Japan; in ZLHU, not 
examined). 


Leiobunum montanum: Suzuki and Kunita, 1972 [6], p. 
89; Suzuki, 1976 [3], p. 134, figs. 3-7. 


Fia. 1. 


Leiobunum montanum. A, Lateral view of male eye tubercle. 


Leiobunum montanum montanum: Suzuki, 1976 [2], p. 
209, figs. 34-35, 103, 169-171, 177-180, 310-312. 

Leiobunum montanum sobosanum Suzuki, 1976 [2], p. 
212, figs. 36-37, 104, 172, 181-183, 313-314 (type: 
Mt. Sobo-san, Miyabaru route, at 800-1000m alt., 
Oita Pref., Kyushu; in ZLHU, not examined). 

Leiobunum virgeum virgeum Suzuki, 1976 [2], p. 214, 
figs. 38-39, 105, 173-175, 184-186, 315-316 (type: 
Mt. Hokidaisen, 900-1712 m alt., Tottori Pref., Hon- 
shu, in ZLHU, not examined). New Synonymy. 

Leiobunum virgeum ontakense Suzuki, 1976 [2], p. 215, 
figs. 40-41, 106, 176, 187-188, 317-318 (type: Mt. 
Kiso-Ontake, 1800-—2100m alt., Nagano Pref.; in 
ZLHU, not examined). New Synonymy. 


Diagnosis 

Separable from all other species of curvipalpe- 
group by its aciculate penis (Figs. 5-7; see also 
[1]). 
Description 


Male: Body medium-sized. Genital opercu- 
lum as in Figure 1B, posterior margin relatively 


O.5 mm 


B, Male genital 


operculum. C, Lateral view of female labrum. D, Mesal view of male chelicera. 


E, Mesal view of male palp. F, Dorsal view of male palpal patella and tibia. 
A, D-F, J: Mt. Ishizuchi race (Mt. Ishizuchi). 
Daisen race (C, Tatsumi Pass; I, Mt. Daisen). 
G, Mt. Tsubakuro race (Mt. Tsubakuro). 


Seminal receptacle. 


Ontake race (Mt. Ontake). C, I: Mt. 


G-J, 
B, H: Mt. 
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Fic. 2. 


Leiobunum montanum. Lateral (above) and ventral (below) views of male labrum. 


A, Mt. Tsubakuro race (Mt. Tsubakuro). B, Mt. Ontake race (Mt. Ontake). C—E, Mt. 
Daisen race (C, Tatsumi Pass; D, Mt. Daisen, Ninosawa; E, Mt. Daisen, Natsuyama 
route). F—G, Mt. Tsurugi race (F, Mt. Takamaru; G, Mt. Tsurugi). H-K, Mt. Ishizuchi 
race (H, Mt. Kamegamori; I, Mt. Ishizuchi; J, Mt. Saragamine; K, Odamiyama). L, Mt. 


Sobo race (Mt. Sobo). 


Fic. 3. Leiobunum montanum. Mesal view of male 
palpal tibia. Setae are omitted. A, Mt. Tsubakuro 


distinct and straight. Labrum (Fig. 2) consider- 
ably extended and swollen, widest at middle in 
ventral view, laterally with several teeth. Che- 
licera (Fig. 1D) with several teeth on distomesal 
surface of distal segment. Palp (Fig. 1E-F) nor- 
mal in size for curvipalpe-group; femur prominent- 
ly curved below; patella widened distally with a 
small distomesal lobe; tibia (Fig. 3) with a cluster 
of several dark-colored teeth on ventromesal sur- 
face of distal half, or on whole mesal side (Mt. 
Daisen race); tarsus always with two distinct rows 
of dark-colored teeth ventrally (Fig. 4A). 


race (Mt. Tsubakuro). B, Mt. Ontake race (Mt. 
Ontake). C-—E, Mt. Daisen race (C, Tatsumi Pass; 
D, Mt. Daisen, Ninosawa; E, Mt. Daisen, Na- 
tsuyama route). F-G, Mt. Tsurugi race (F, Mt. 
Takamaru; G, Mt. Tsurugi). H-K, Mt. Ishizuchi 
race (H, Mt. Kamegamori; I, Mt. Ishizuchi; J, Mt. 
Saragamine; K, Odamiyama). L, Mt. Sobo race 
(Mt. Sobo). 
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Fic. 4. Leiobunum montanum (Mt. Ishizuchi race, Mt. Ishizuchi). 
showing presence of abreast two rows of denticles (distal side—below). 
tibia, female. 


Penis (Figs. 5-7) very slender and aciculate, 
with widened basal portion; shaft distally with 
well-developed alates; alate part consisting of two 
abreast pairs of thin membraneous processes, i.e. 
ventral alates and lateral alates (Fig. 5); glans, 
dorsoventrally movable, distally with two pairs of 
short setae; stylus also dorsoventrally movable 
(Figs. 5 and 7H). 

Female: Labrum small, tapered distally, with- 
out armaments (Fig. 1C). Palp (Fig. 4B) typical 
of the curvipalpe-group, with well-developed lobes 
on both distomesal margins of patella and tibia. 
Plumose setae present on both palpal patella and 
tibia, covering entire mesal surfaces of these two 
segments and especially dense on and around the 
lobes. Each hair with a socket on the base and 
with numerous villous processes on approximately 
distal half of its body (Fig. 4C). Seminal recepta- 
cle as in Figure 1G—J, not significantly variable 
geographically. 


Karyotypes 


Chromosome observation was carried out dur- 
ing the summers in 1981 and 1982 for specimens 
taken from five localities representing different 


A, Ventromesal view of male palpal tarsus 
B, Dorsal view of palpal patella and 


C, Setae on a distomesal lobe of female palpal patella. Scales: A, C=0.1mm; B=1mm. 


races. Materials examined and the results are 
summarized in Table 1 and karyotypes are shown 
in Figure 8. 

Number of chromosomes fluctuated among 
populations between 2n=18 and 26. In spite of 
this wide range of variation in number, chromo- 
somes were invariably meta- or submetacentric. 
The X chromosome was always largest, but mor- 
phologically variable among localities; i.e. the X 
was a metacentric in specimens from Mt. Ontake 
and Mt. Daisen (Fig. 8B—C), whereas it was a 
submetacentric in the other three populations. 
This suggests the occurrence of pericentric inver- 
sion in X chromosome in some populations. On 
the other hand, the Y chromosome was invariably 
the smallest and submetacentric. 


Geographic Variation and Races 


1. Geographic variation in some metrical charac- 
ters 

Means, ranges and standard deviations for total 
body length (BL) and length of first femur (FIL) in 
various populations of this species are presented in 
Figure 9. Since female specimens were scarce, 
only males were used for these measurements. 
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TABLE |. Chromosome numbers in five populations of Leiobunum montanum 

Number of Chromosome 

Locality Date individuals number (2n) FN 
observed rh y 

Mt. Tsubakuro 20-VIII-1981 62 26" — — 
18—VIII-1982 7) (874+4?) 26 — =f 
Mt. Ontake 30-VIT -1981 6) (¢) 24* — — 
16—VIII-1982 178) (5243) 24 24 48 
Mt. Daisen 9—-VITI-1982 32 18 — 36 
Mt. Ishizuchi 5—VIII-1982 Th 24 — 48 
Mt. Sobo 2-VIII-1982 3S 26 — 52 


Asterisked: Results obtained by squash method. 


Although mean of BL varied considerably among 
populations, no evidence of a geographic or altitu- 
dinal cline was indicated. On the other hand, 
occurrence of an altitudinal cline was suggested in 
FIL, although no prominent latitudinal cline was 
found. Namely, within the areas occupied by each 
race, FIL became shorter with increasing altitudes 
(e.g. compare 2,000—2,200m and 2,200—2,400 m 
populations in Mt. Tsubakuro). Similar geo- 
graphic variation, that is a cline in leg length but 
not in body length, was reported in Leiobunum 
bracchiolum McGhee and Leiobunum politum 
Weed by McGhee [7] and in Leiobunum cretatum 
Crosby and Bishop by Cokendolpher and Rapp 


[8]. 


2. Races 
Suzuki [2] recognized four taxa in the monta- 
num-subgroup on the basis of genital morphology, 


and divided these taxa into two species by the 
difference of chromosome number between Mt. 
Hokidaisen (=Mt. Daisen) (2n= 18) and Mt. Ishi- 
zuchi (2n=24) populations (cf. [3]). In this study, 
six geographic forms are distinguished that are 
clearly assignable to the montanum-subgroup, 
based on external (including genital) characters. 
In addition, karyotypes of these taxa, except one 
(Mt. Tsurugi race) whose chromosomes have not 
yet been studied, are unique and separable from 
each other. These taxa can be regarded as distinct 
species if we rely on karyotypic difference as the 
criterion of “species” as in Suzuki [2, 3]. Howev- 
er, in the present paper, I treat these six taxa 
provisionally as “races” of a single species for 
reasons mentioned in the preceding paper [1] and 
because the degree of divergence in external mor- 
phology among these six taxa is small compared 
with those among the other species of the curvi- 


TABLE 2. Synopsis of the systems adopted by Suzuki (1976 [2]) and present paper 
Suzuki (1976) Tsurusaki 
L. montanum Suzuki 
L. virgeum ontakense Suzuki ——— Mt. Tsubakuro race 
Mt. Ontake race 
L. virgeum virgeum Suzuki ————— Mt. Daisen race 
L. montanum montanum Suzuki — Mt. Tsurugi race 
Mt. Ishizuchi race 
L. montanum sobosanum Suzuki —————————_ Mt. Sobo race 


Corresponding forms are connected by line(s). 


OO 


plellee 


M 
< 
a 
=) 
=4 
=) 
7) 
Ee 
Z 
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palpe-group. The system proposed by Suzuki [2] 
and that adopted in the present paper are listed in 
Table 2. 

The holotype of L. montanum Suzuki belongs to 
the Mt. Ishizuchi race. Diagnosis of each race is 
separately mentioned below with notes on dis- 
tribution and biology. 


(1) Mt. Tsubakuro race 
(Figs. 1G, 2A, 3A, 5A, 6A-B, 8A, 9, 10) 


Leiobunum virgeum ontakense: 
215 (in part). 


Suzuki, 1976 [2], p. 


Diagnosis: Separable from all other races by 
the widened penial base which extends almost to 
the middle of the shaft (Fig. SA-B). Male labrum 
is similar to that of Mt. Ontake race of this species 
in size and shape, but differs from the latter in the 
number of denticles (compare Fig. 2A and 2B). 

Measurements: Mt. Shirouma, 2,200m alt. 
(¢): BL, 4.0. CL, 1.40. Mt. Tsubakuro, 2,200- 
2,400 m alt. (20/2, means in parentheses): BL, 
3.7-5.1 (4.24); CL, 0.96-1.56 (1.20); FIL, 4.8-6.4 
(5.71); PL: Fe, 0.97-1.25 (1.178); Pa, 0.72—0.82 
(0.780); Ti, 0.83-0.95 (0.880); Ta, 1.14-1.56 
(1.406). 

Karyotype: 2n(¢)=26, FN=5S2 (Fig. 8A). 

Distribution: So far known from only two loca- 
lities (Mt. Shirouma, Mt. Tsubakuro) in the 
Northern Japanese Alps (= Hida Mountains), cen- 
tral Honshu (Fig. 10). In Mt. Tsubakuro occur- 
rence of this race is confined to the coniferous 
forest (Maries’s fir, Abies Mariesii Masters) of 
subalpine zone (ca. 2,000-—2,500 m in alt.). 

Biology: Usually found during day on the 
canopies of shrubs (mainly Rhododendron) or 
trunks of trees. Adults emerge during mid to late 
August at Mt. Tsubakuro. At this locality L. 
montanum may be sympatric with L. hiraiwai 
(Kamikochi race) of the curvipalpe-group near the 
lower limit of former species’ vertical distribution 
(ca. 1,950 m). 


(2) Mt. Ontake race 
(Figs. 1B and H, 2B, 3B, 6C, 8B, 9, 10) 


Leiobunum virgeum ontakense Suzuki, 1976 [2], p. 215 
(in part), figs. 40-41, 106, 176, 187-188, 317-318. 
Diagnosis: Distinguished from all other races 

of L. montanum, except Mt. Tsubakuro race, in 

the size and shape of male labrum (Fig. 2B); i.e. 

football-shaped in ventral view and the apex is less 

sharply angulated than the other races. Distin- 
guishable from the Tsubakuro race by having only 

a few denticles on lateral sides of male labrum 

(compare Fig. 2B and A). The form of the penis 

(Fig. 6C), especially of alates, is very similar to 

Daisen race and it is almost impossible to separate 

both races by this character alone. 
Measurements: Mt. Ontake, Tanohara, 2,190- 

Zee) in) ait. (s")2: SL, (4.95-CIL, 1.66; FIL, 5.3. 

PIL Pey 1.24; Pa; 0.819 i; 0.84; ‘Ta, 147. 
Karyotype: 2n(¢, ?)=24, FN=48 (Fig. 8B). 
Distribution: So far known from only Maries’s 

fir forest in subalpine zone (2,000—2,300 m) of Mt. 

Ontake (=Mt. Kiso-Ontake), central Honshu 

(Fig. 10). 

Biology: ‘This race matures in late August at 

Mt. Ontake. 


(3) Mt. Daisen race 
(Figs. 1C and I, 2C-E, 3C-E, 5B-C, 
6D-F, 8C, 9, 10) 


Liobunum montanum: Suzuki, 1953 [5], p. 188 (in 
part), figs. 6A, D, 7F-J. 
Leiobunum montanum (Hokidaisen population): Suzu- 


ki, 1976 [3], p. 134, figs. 4-5, 7. 

Leiobunum virgeum virgeum Suzuki, 1976 [2], p. 214, 
figs. 38-39, 105, 173-175, 184-186, 315-316. 
Diagnosis: 

alates, will serve to separate this race from all 

others except for Mt. Ontake race (Fig. 6D-E). 

Mt. Daisen race differs from Mt. Ontake race in 

the shape of male labrum. Further, distribution 

pattern of teeth on palpal tibia is unique (Fig. 


The form of the penis, especially 


Fic. 5. Leiobunum montanum. Penis. A: Mt. Tsubakuro race (Mt. Tsubakuro), lateral view; large arrow 


indicates direction of ventral side. 
C. ventrolateral view. 


D: Mt. Ishizuchi race (Mt. Ishizuchi), ventrolateral view. 


B-C: Mt. Daisen race (Mt. Daisen, Natsuyama route); B, ventral view; 


E-F: Mt. Sobo race 


(Mt. Sobo); E, ventolateral view; F, lateral view. ve=ventral alates. la=lateral alates. A scale line for all 


pictures is presented in D above and is 0.1 mm long. 
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0.5 mm 


ae 


Fic. 6. 


race (A, Mt. Shirouma; B, Mt. Tsubakuro). 


Leiobunum montanum. Ventral (left) and lateral (right) views of penis. 


A-B, Mt. Tsubakuro 
C, Mt. Ontake race (Mt. Ontake). D-F, Mt. 


Daisen race (D, Tatsumi Pass; E, Mt. Daisen, Ninosawa; F, Mt. Daisen, Natsuyama route). 


3C-E). 

Measurements: Tatsumi Pass, 780m (“): BL, 
Se OE. Ieee IMILS Cvs IM Be IRS. Taser Ra. 11.0832 
Ti, 1.02; Ta, 1.64. Mt.Daisen, Ninosawa, 980m 
(13%%, means in parentheses): BL, 3.1—4.0 
(3.45); CL, 1.01-1.29 (1.143); FIL, 5.9-7.0 (6.32). 
PE: Fe, 16-132 (1-205) Rae 0.72=0784) O95): 
Ti, 0.80—0.95 (0.888); Ta, 1.34-1.58 (1.425). 


Karyotype: 2n(%)=18 ({3] and present 
study), FN=36 (Fig. 8C). 
Distribution: Mountainous areas (above ca. 


700 m alt.) of Tottori Pref., western Honshu (Fig. 
10). 


Biology: This race matures in early July in Mt. 
Daisen. 
Remarks: Specimens from Tatsumi Pass and 


those from two localities on Mt. Daisen differ 
enormously from each other in size of various 
external parts (compare Figs. 2C and D-E, 3C 
and D-E, 6D and E-F). However, both popula- 
tions are treated here as a single race because no 
significant difference was detected in the ratio of 


penis L / body L as well as the other major 
characters between the two (e.g., distribution pat- 
tern of denticles on palpal tibia or general struc- 
ture of alate part of penis). } 


(4) Mt. Tsurugi race 
(Figs. 2F-G, 3F—G, 7A-B, 9, 10) 


Leiobunum montanum montanum: Suzuki, 1976 [2], p. 


209 (in part), figs. 169-170, 312. 
Penis similar to Mt. Sobo race but 
with relatively longer alate part of the shaft. 
Measurements: Mt. Tsurugi, alpine meadow 
(16/%, means in parentheses): BL, 3.3—4.1 
(3.78); CL, 1.01-1.46 (1.243); FIL, 5.0-6.0 (5.60). 
PL: Fe, 1.12-1.26 (1.179); Pa, 0.72-0.82 (0.783); 
Ti, 0.76—-0.89 (0.830); Ta, 1.28-1.44 (1.363). 
Karyotype: Unknown. 
Distribution: Mountainous areas of Tokushi- 
ma Pref., eastern Shikoku (Fig. 10). 
Remarks: This race and Mt. Ishizuchi race 
described next have previously been treated as L. 


Diagnosis: 
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Fic. 7. Leiobunum montanum. Ventral (left) and lateral (right) views of penis. 


race (A, Mt. Takamaru; B, Mt. Tsurugi). 


Oo 


A-B, Mt. Tsurugi 


C-F. Mt. Ishizuchi race (C, Mt. Kamegamori; D, Mt. 
Ishizuchi; E, Mt. Saragamine; F, Odamiyama). 


G, Mt. Sobo race (Mt. Sobo). H, A scheme of 


the terminal part of penis showing movable ranges of stylus (st) and glans (gl), not to scale. 


montanum montanum. However, a close ex- 
amination of L. m. montanum specimens from six 
localities in Shikoku revealed that the specimens 
from two localities in Tokushima Pref. (the pres- 
ent race) are distinct from the other four from 
Ehime Pref. (Mt. Ishizuchi race) in the shape and 
size of penis. 


(5) Mt. Ishizuchi race 
(Figs. 1A, D-F and J, 2H—-K, 3H-K, 4, 
5D, 7C-F, 8D, 9, 10) 


Liobunum montanum Suzuki, 1953 [5], p. 188 (in part), 
figs. 6B—-C, 7A-E. 


Leiobunum montanum: 
89. 

Leiobunum montanum (Ishizuchi population): 
1976 [3], p. 134, figs. 3, 6. 

Leiobunum montanum montanum: Suzuki, 1976 [2], p. 
209 (in part), figs. 34-35, 171, 177-180, 310-311. 


Suzuki and Kunita, 1972 [6], p. 


Suzuki, 


Diagnosis: The general appearance of penis of 
this race is similar to both Mt. Daisen and Mt. 
Ontake races, but separable from those by having 
relatively shorter alate parts. 

Measurements: Mt. Ishizuchi (Tsuchigoya—Mt. 
Iwakuro), 1,490-1,745m alt. (3177, means in 
parentheses): BL, 3.6—4.9 (4.28); CL, 1.12-1.59 
(1.356); FIL, 5.0-6.6 (5.66). PL: Fe, 1.22-1.40 
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Fic. 8. Male karyotypes of Leiobunum montanum. A, 
D, Mt. 


C, Mt. Daisen, Natsuyama route (2n=18); 


(1.300); Pa, 0.82-0.97 (0.877); Ti, 0.80—0.94 
(0.856); Ta, 1.33-1.55 (1.444). 

Karyotype: 2n(¢)=24, FN=48 (Fig. 8D). 
Contrary to the description by Suzuki [3], in which 
he stated that “the complement consisted of 12 
acrocentrics and 12 metacentrics”, no acrocentric 
chromosome was found in the present study. 

Distribution: Mountainous areas (above ca. 
800 m alt.) of Ehime Pref., western Shikoku (Fig. 
10). 

Biology: ‘This race inhabits both beech (Fagus 
crenata Blume) forest and coniferous forests 
(Japanese red cedar, Cryptomeria japonica L.; 
Nikko fir, Abies homolepis Sieb. and Zucc., 
Veitch’s silver fir, Abies Veitchii Lindley). Adults 
are usually found on the trunks of trees during day. 
This race matures in mid July at about 1,500 m alt. 
on Mt. Ishizuchi. On 5 August 1982 (12: 40-16: 
00) in the Nikko fir forest from Tsuchigoya (1,492 
m) to the peak of Mt. Iwakuro (1,745.6m), lo- 
cated in the Ishizuchi area, five copulating pairs of 
L. montanum were observed (four pairs on trunks 
of Nikko fir, one pair on the leaves of climber, 
Hydrangea petiolaris Sieb. and Zucc.). 


Mt. Tsubakuro (2n=26); 
Ishizuchi (2n=24); 


B, Mt. Ontake (2n=24); 
E, Mt. Sobo (2n=26). 


(6) Mt. Sobo race 
(Figs. 2L, 3L, 5E-F, 7G, 8E, 9, 10) 


Leiobunum montanum sobosanum Suzuki, 1976 [2], p. 
212, figs. 36-37, 104, 172, 181-183, 313-314. 
Diagnosis: Similar to Mt. Tsurugi race in the 

shape of alates of penis, but differs from the latter 

in relatively longer non-alate part of shaft (Fig. 
7G). Membraneous alates of penis are well- 

developed and fused at proximal ends to form a 

pair of lateral pouches (Fig. SE-F). 
Measurements: Mt. Sobo, 1,420-1,650m alt. 

(7%, means in_ parentheses): BL (n=6), 

3.4—4.3 (3.80); CL (n=6), 1.30-1.45 (1.350); FIL, 

5.2-6.0 (5.47). PL: Fe, 1.16-1.28 (1.234); Pa, 
0.79-0.85 (0.809); Ti, 0.82-0.90 (0.859); Ta, 

1.40-1.49 (1.457). 

Karyotype: 2n(<*)=26, FN=52 (Fig. 8E). 
Distribution: So far known only from Mt. 
Sobo (above ca. 700m alt.), Kyushu (Fig. 10). 


Specimens Examined 


Mt. Tsubakuro race. Nagano Pref.- 
Mt. Shirouma, 1,950-2,200m, 3%2?, 15— 
21—VIII-1968, H. Sako and N. Nakamura (SC). 
Mt. Tsubakuro, Maries’s fir forést: 2,000—2,200 m, 
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Loc.No. Race 
1 
2} Mt. Tsubakuro 


+ 3] Mt. Ontake 
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* 12 
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Fic. 9. 


Body length (BL) and femur one length (FIL) of males in various populations of Letobunum 


montanum. Bar diagrams include the range (horizontal line), mean (vertical line or asterisk), and 
SD around the mean (open box). Locality numbers correspond to those given in Fig. 10. Localities 


(numerals in parentheses denote number of specimens measured): 
2, 2,000-2,200 m (2); 2’, 2,200—2,400 m (20). 


alt. (BL-1, FIL-0). 2-2’: Mt. Tsubakuro; 
Ontake, 2190-2250 m (1). 
FIL-12). 
1,650-1,890 m (4). 
Odamiyama, 820m (1). 


72323 juv. (67 Chrom. Obs.); 2,200-2,400 
m, 20717211 juv., 20-VIII-1981, NT; 1,990- 


2,300 m, 1210 juv. (7 juv. Chrom. Obs.), 
18—VIII-1982, NT. 
Mt. Ontake  race.——Nagano  Pref.—Mt. 


Ontake, Tanohara, Maries’s fir forest: 2,200m, 


4, Tatsumi Pass, 780m (1). 
7, Mt. Takamaru (BL-3, FIL-2). 
10, Mt. Ishizuchi, 1,490—1,745 m (31). 
13, Mt. Sobo, 1,420—-1,950 m (7). 


1, Mt. Shirouma, 2,200 m in 
3, Mt. 
5, Mt. Daisen, Ninosawa, 970m (BL-13, 
8, Mt. Tsurugi (16). 9, Mt. Kamegamori, 
11, Mt. Saragamine, 950m (1). 12, 


lijuv. (6 juv. Chrom. Obs.), 30-VII-1981, NT; 
2,190-2,250m, 272419juv. (1/8 juv. Chrom. 
Obs.), 15/16—VIII-1982, NT. 

Mt. Daisen race. Tottori Pref.—Tatsumi 
Pass, 780m, 171%, 8—VIII-1977, H. Komatsu 
and NT (SC). Mt. Daisen: Ninosawa, 970m, 
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Fic. 10. Distribution and chromosome numbers of six races of Leiobunum montanum. 


Localities: 
mi Pass; 
maru; 

Saragamine; 


1, Mt. Shirouma; 


8, Mt. Tsurugi; 
12, Odamiyama; 


2, Mt. Tsubakuro; 
5-6, Mt. Daisen (5, Ninosawa; 6, Natsuyama route); 
9, Mt. Kamegamori; 
13, Mt. Sobo. Dotted and broken lines denote 


3, Mt. Ontake; 4, Tatsu- 
7, Mt. Taka- 


10, Mt. Ishizuchi; 11, Mt. 


lower limits of temperate deciduous forest mainly composed of beech and 


subalpine coniferous forest, respectively. 


1394, 6—-VITI-1977, S. Suzuki, M. Kunimoto, 
H. Komatsu, and NT (SC); Daisenji—Natsuyama 
route, 760-1,100m, 33% (3% Chrom. Obs.), 
9-VITI-1982, NT. 

Mt. Tsurugi race.——Tokushima  Pref.- 
Kamikatsu-cho, Mt. Takamaru, 3¢1?, 3- 
VIII-1974, K. Tomishima (SC). Mt. Tsurugi, in 


alpine meadow, 169%, 30—-VII-1959,_ K. 
Tomishima (SC). 
Mt. Ishizuchi race.——Ehime Pref.—Mt. 


Kamegamori, 1,650-1,890m, 471%, 10/11—VIII- 
1973, NT. Mt. Ishizuchi: Tsuchigoya, 1,490m, 
391%, 10/12-VII-1973, NT; Tsuchigoya—Mt. 
Iwakuro, 1,490-1,745m, 308%43¢% (7% Chrom. 
Obs.), 5—VIII-1982, NT; J6ju, in beech forest, 
3%, 3—VIII-1977, NY- Mt. Saragamine: 12, 
25—VII-1974, NT; Kaza-ana, 950m, in Japanese 
red cedar forest, 1%, 27—-VIII-1974, NT. Oda- 
miyama gorge, 820m, Oda-ché, Kamiukena-gun, 


1¢, 25-VIHI-1975, NT. 

Mt. Sobo race. Miyazaki Pref.—Mt. Sobo, 
Gokasho route, 1,420—1,950m, in Japanese larch 
(Larix Kaempferi Carriere) and beech forests, 7% 
(3%, Chrom. Obs.), 2—VIII-1982, NT. 


DISCUSSION 


1. Modes of chromosome rearrangements con- 
tributing to karyotype change in L. montanum and 
the other species of the curvipalpe-group 


In the present study, remarkable geographic 
diversity in the chromosome number, ranging from 
2n=18 to 26, was detected in L. montanum. This 
range of variation is as wide as was found in the 
entire curvipalpe-group except for two tetraploid 
forms having 2n=46-52 (Tsurusaki, unpubl). 
Geographic variation in chromosome number has 


Geographic Variation of L. montanum 


been found in the curvipalpe-group whenever a 
species (or “superspecies”) occupying a wide dis- 
tributional range was studied (/Airaiwai-subgroup 
2n=18, 20, 22; curvipalpe-subgroup 2n=20, 22, 
24: Tsurusaki, in prep.). Obviously, chromosomal 
rearrangements which result in a change in diploid 
number have occurred very frequently in the evo- 
lutionary history of this group. Suzuki, who is the 
person that first recognized karyotypic variation in 
these animals, explained this diversity in chromo- 
some number by centric fusion on the basis of his 
observation on concomitant increase and decrease 
in numbers between metacentrics and acrocentrics 
[3]. However, differing from his descriptions, 
chromosomes in various races of L. montanum 
were invariably meta- or submetacentric and no 
acrocentrics or telocentrics were observed in the 
present study using current air-drying method. 
Likewise, the chromosomes were always meta- or 
submetacentrics in all other species of the curvi- 
palpe-group ({1] and Tsurusaki, in prep.). There- 
fore, centric fusions or simple Robertsonian trans- 
locations alone do not explain the chromosomal 
evolution of this group. There are two possible 
interpretations for this type of change in chromo- 
some number: (1) it resulted from a number of 
pericentric inversions followed by fusions (includ- 
ing tandem fusions), or fissions followed by inver- 
sions; (2) the acrocentrics are by unknown reasons 


STAGE 1 


Fic. 11. 
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unstable in this group of animals and soon become 
metacentrics by aquiring heterochromatic arms, or 
inversely two metacentrics whose one-sided arms 
are heterochromatic fused into a fully euchromatic 
single metacentric chromosome. The latter phe- 
nomenon is reported in the lady bird beetle genus 
Chilocorus {9|. Of these two interpretations, the 
latter is indubitably more parsimonious since the 
former explanation postulates that several se- 
quences of more than one kind of rearrangement 
progressively arise in very short time. The fact 
that no heterozygosity for pericentric inversion has 
been found in any forms of the curvipalpe-group, 
except for only one example in Mt. Bunagatake 
population of L. hiraiwai (Tsurusaki, in prep.), 
strongly suggests that the former explanation is 
unlikely. However, the detailed structure of each 
chromosome in the montanum-subgroup was not 
revealed in the present study. A C-banding analy- 
sis might provide a more definitive explanation of 
the karyotypic evolution of this group, and such an 
analysis is currently undertaken by the author. 


2. Spatial pattern of raciation in L. montanum 


As already stated, karyotypic variation in this 
species is profound. However, a more salient 
aspect of its karyotype evolution is the pattern of 
its spatial distribution. Namely, chromosome 
number is smallest, 2n=18, in the center of the 


Possible origin of the present genetic and distributional relations among the races of 


Leiobunum montanum suggested in the text. Hatched areas denote distribution of supposed 


derived characters for each stage. 
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distributional range of L. montanum and increases 
toward southwest and northeast, resulting in two 
very distant races having identical number, 2n=26 
(Mt. Tsubakuro and Mt. Sobo races, Fig. 10). 
Further, distribution of two types of X chromo- 
somes in this species is noticeable. One type 
(metacentric X) occurs in populations occupying 
the more central part of the species distributional 
range, whereas other type (submetacentric X) is 
found in populations that occur in the southern 
part (Kyushu and Shikoku) and the northernmost 
part (Northern Japanese Alps). If karyotypes ex- 
hibited by both ends of the range of this species are 
truly homologous for each character state (i.e. “2n 
=26” and “submetacentric X”), evolution of these 
geographic variations in karyotypes may be ex- 
plained as follows (cf. Fig. 11). Postulates 
adopted are: Distributional range of the ancestral 
form of L. montanum is approximately identical 
with the area covered now. It was monotypic and 
had a karyotype similar to nowadays Mt. Sobo and 
Mt. Tsubakuro races, namely 2n=26 with the X 
being submetacentric. 

Stage I (Fig. 11): By rearrangement, a new 
chromosomal type with 2n=24 occurred in the 
midst of the range and spread over occupied 
territory, displacing an existing chromosomal type 
with 2n=26 by the gradual movement of narrow 
hybrid zones toward northeast and southwest. 

Stage 2: Stage 1 was followed by the occur- 
rence of pericentric inversion of the X sex chromo- 


some at some point in Honshu. This rearrange- 
ment extended to most parts of the species range in 
Honshu except for northern part of Chabu district. 

Stage 3: Due to the recession of populations to 
some isolated areas of high elevation, an establish- 
ment of unique karyotype having 2n=18 pro- 
ceeded in the Chigoku Mountains. Presumably 
this karyotype was derived from a preceding 
karyotype with 2n=24, through a series of rear- 
rangement events. Thus the present-day geo- 
graphic pattern (Fig. 10) of karyotype variation 
was completed. 

The same line of thinking is applicable to geo- 
graphic variation of external characters when geo- 
graphic distribution of one character state inter- 
venes between the two isolated areas occupied by 
another character state. In such cases, the former 
character state would be ancestral and the latter 
derived. For two of three external characters of L. 
montanum, showing prominent geographic varia- 
tion, apomorphic and plesiomorphic states could 
be identified by such a way. These apomorphic 
and plesiomorphic states are listed in Table 3 
together with those of two chromosomal charac- 
ters already discussed. In this table, the polarity of 
one character (male labrum) is unresolved. Re- 
marks on three external characters (3-5 in Table 3) 
are mentioned below: 

(1) Denticles of male palpal tibia (3 in Table 
3): Populations in Tottori prefecture (Fig. 3C—E) 
differ from both Northern Japanese Alps-Mt. 


Plesiomorphic and apomorphic alternatives of some characters of L. montanum in which 


Apomorphic 


24,18 (fully apomorphic) 
metacentric 


spread throughout ventromesal 
surface 


a. Ontake-Daisen-Ishizuchi 


TABLE 3. 
geographic variation could be detected 
Character Plesiomorphic 
1. Chromosome number 26 
2. X chromosome submetacentric 
3. Denticles of male confined to distal part 
palpal tibia 
4. Penis Tsurugi-Sobo type 


(Unresolved character) 
5. Male labrum 


a. pear-shaped 


type 
b. Tsubakuro type 


b. football-shaped 


Two apomorphic states are designated for character 4. Note that the state “b” does not imply that it is 


apomorphic for state “a”. 
presented. 


A character, which is unresolved for the relation between the two states, is also 
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Ontake populations (Fig. 3A-B) and Shikoku- 
Kyushu populations (Fig. 3F—L) by having numer- 
ous denticles throughout ventromesal surface of 
tibia. If we adopt the same criterion as was used in 
karyotypes, a character state exhibited by Tottori 
populations is assumed to be apomorphic. 

(2) Penis (4 in Table 3): Although shapes of 
penes differ from race to race, they can be 
arranged into the following three types by their 
general structure: A, Tsurugi-Sobo type (Fig. 
7A-B, G): Characterized by the well-developed 
lateral alates forming a pair of pouches. B, 
Ontake-Daisen-Ishizuchi type (Figs. 6C-F and 
7C-F): relatively narrow and slender alate part 
sets off penes of these three races from the others. 
C, Tsubakuro type (Fig. 6A—B): Characterized by 
widened proximal half of shaft and relatively short 
alate part. Of these, state A can be inferred to be 
plesiomorphic for state B, since areas occupied by 
state A is divided by one of those of B (cf. Fig. 
10). On the other hand, it is unlikely that trans- 
formation series proceeded in the order of C-A-B, 
as state C is far more similar to B in general 
morphology than to A. Thus, perhaps C is apo- 
morphic relative to A. However, any criterion for 
the decision in relative apomophic vs. plesiomor- 
phic states was not obtained. 


Mt. Tsurug! 


ea Mt. Sobo 
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N Mt. Ishizuchi 
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~ 

fs 
yy Mt. Daisen 
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Fic. 12. Distribution of character states in six races of 
Leiobunum montanum. Characters are shown in 
Table 3. Open box = plesiomorphic, solid box = 
apomorphic, hatched box = intermediate. Charac- 
ter 5 is unresolved. Arrows indicate direction of 
transformation in each character. 


| 


(3) Male labrum (5 in Table 3): As briefly 
mentioned in the description, populations of the 
Northern Japanese Alps and Mt. Ontake differ 
from all other populations in size and shape of 
male labrum, i.e. in ventral view, football-shaped 
in the former populations (Fig. 2A—B) and pear- 
shaped in the latter (Fig. 2C-L). However, deci- 
sion of the apomorphic vs. plesiomorphic alterna- 
tive of this character is reserved since the criterion 
using geographic pattern cannot be applied. 

Distribution of these character states in six races 
is summarized in Figure 12. 


These unique geographic patterns, namely, pre- 
sumably more primitive character state has more 
peripheral distribution whereas presumably the 
most derived state is central, are highly reminis- 
cent of the one which is expected from “stasipatric 
model” of speciation advocated by White [4, 10]. 
According to White [4, 11], the essential feature in 
this model is a chromosomal rearrangement, origi- 
nating somewhere within the area occupied by the 
ancestral species, which reduces fecundity when 
heterozygous. If such a rearrangement manages to 
establish itself (either by drift in a local deme or 
because it shows “meiotic drive”) it may spread 
gradually throughout a part of the area occupied 
by the species, because of homozygote superiority, 
and may act as an incipient isolating mechanism 
between the population homozygous for it and the 
original population. This speciation process is also 
characterized by the very narrow hybrid zone 
(tension zone: [12]) between two contiguous 
forms. This tension zone is supposed to act like a 
semipermeable membrane, filtering some advan- 
tageous traits but blocking deleterious ones [12, 
13]. Some authors believe that this mode of spe- 
ciation is prevailing in the animals with very low 
vagility, such as rodents or wingless insects (mora- 
bine grasshoppers [4, 11], stick insects [14, 15], or 
those having social structure apt to lead inbreeding 
(some placental mammals, [16, 17]). 

This mode of evolution may have been prevail- 
ing also in the curvipalpe-group. My interpretation 
about the raciation process of L. montanum con- 
forms to this model. Although races of this species 
are currently confined to geographically isolated 
areas, in many cases of the other subgroups of the 
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curvipalpe-group the races are parapatric with 
their closest relatives. In such cases replacement 
of one form to another generally occurs abruptly 
through rather narrow zones. Furthermore, these 
transitional zones between contiguous forms do 
not always coincide with particular geographic or 
topographic features in both present and past 
times. 

Mobilities of these opilionids are probably very 
low, because they lack effective means of dispersal 
such as wings in many insects or balooning in 
spiders. In addition, since they are not tenable to 
both xeric and highly humid conditions throughout 
all stages in life cycles, they cannot extend their 
distribution beyond the border of woodlands 
where they inhabit. Further, in my experience, 
they do not show any specific courtship behaviors 
for preventing interspecific copulations between 
closely related species. These traits of the curvi- 
palpe-group fulfill all prerequisites for the stasipat- 
ric model, especially for the establishment of new 
chromosome rearrangements. 

However, correlation between chromosome 
rearrangements and differentiations in the external 
morphology is not yet clear in the curvipalpe- 
group. Although, in L. montanum, chromosome 
rearrangements detected prima facie generally 
correlate to differentiation of external structure, I 
have recently obtained some evidence that 
chromosome rearrangements are rather neutral to 
changes in external morphology of L. hiraiwai, 
another multi-raced species forming another sub- 
group of L. curvipalpe-group (Tsurusaki, in 
prep.). Therefore, roles of chromosome rear- 
rangements in speciation and raciation of the 
members of the curvipalpe-group or their relation 
to the geographic variation in external morphology 
remain unresolved. 
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Larval Development of the Palaemonid Prawn, Macrobrachium 
grandimanus (Randall), Reared in the Laboratory, 
with Special Reference to Larval Dispersal 


SHIGEMITSU SHOKITA 


Department of Marine Sciences, University of the Ryukyus, 
Nishihara, Okinawa 903-01, Japan 


ABSTRACT— Macrobrachium grandimanus is essentially an estuarine dweller and an euryhaline 
species. The larvae pass through ten stages, nine zoeal and a megalopal before molting to the first 
juvenile. The time from hatching to the first juvenile was 27 days at the shortest, at a water temperature 
of about 27°C. The larvae could be reared in water from 17.5 to 35%c salinity. The major characteristics 
of each stage are described and illustrated. The geographical distribution of this prawn species is 
discussed in relation to its larval life. M. grandimanus probably leads a free-swimming larval life in the 


sea, enabling it to become widely distributed. 


INTRODUCTION 


Inlandwater prawns belonging to Macro- 
brachium can be classified into three categories on 
the basis of egg and brood size and post- 
embryonic development. There are small, 
medium and large-egg prawns. Based on their 
life-cycle, they can be divided into two categories, 
amphidromous and land-locked prawns [1]. Other 
palaemonid prawns have also been shown to have 
these three categories by Sollaud [2] and Dobkin 
[3]. Macrobrachium grandimanus (Randall) can 
be classified as small-egg and amphidromous 
types. 

To the author’s knowledge, the larval develop- 
ment of Macrobrachium among small-egg prawns 
has so far been reported for many species such as 
M. nipponense [4], M. rosenbergii [5,6], M. for- 
mosense {7|, M. acanthurus [8], M. carcinus [9], 
M. niloticum and M. intermedium [10], M. olfersii 
[11], M. equidens and Macrobrachium sp. {12}, 
M. novaehollandiae [13], M. lar {14| and M. ama- 
zonicum {15}. 

There is no morphological information available 
on the post-embryonic development of M. grandi- 
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manus. Thus, the first object of the present report 
is to present a morphological description at each 
stage of development. 

Until 1981, M. grandimanus was considered to 
inhabit only the North Pacific off Hawaii and the 
Ryukyus. In 1981, Maciolek and Yamada [16] 
reported their presence in the south Pacific of 
Niuatoputapu, one of the Tonga Islands. We also 
found this species in the lower reaches of various 
rivers of Viti Levu, the main island of the Fijis 
during a general survey of river organisms from 
March to April, 1984 (Shokita ef al., unpublished 
data). Thus, there is the question as to how they 
could achieve such a wide distribution. The author 
shows that this question can be answered by an 
examination of larval life. 


MATERIALS AND METHODS 


Macrobrachium grandimanus is essentially an 
estuarine dweller and euryhaline species, inhabit- 
ing the brackish water area and salty springs near 
the sea coast. This species shares its habitat with 
Palaemon (Palaemon) debilis, P. (P.) concinnus, 
M. equidens and M. formosense at the Fuku Riv- 
er. These four species lay large number of small 
eggs and lead a free-swimming larval life in brack- 
ish marine waters. The ripe eggs of M. grandima- 
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nus relatively small, measuring 0.85 X0.55mm as 
an average of 40 eggs from four specimens each. 
The number of incubated eggs varied from 1097 to 
4358, with a mean of 2293 from three specimens 
par 

Berried M. grandimanus female specimens were 
collected from the brackish water area of the Fuku 
River located in the northern part of Okinawa in 
November, 1975 and from the salty spring of 
Shiokawa at the Motobu Peninsula of Okinawa in 
December, 1982. 

The first experiment in rearing larvae was con- 
ducted in December, 1975 and the second in 
December, 1982. A female with eyed eggs was 
kept in a circular glass jar 14cm in diameter and 
25cm in height and containing sea water of 10%o 
salinity. The hatched larvae were reared in this jar 
but with sea water of 25%o salinity. The water 
temperature was maintained at about 27°C using a 
thermostat (Cool Nit, CL 19). Newly-hatched 
Artemia nauplii and Brachionus plicatilis were 
supplied as food at the zoeal and megalopal stages 
and Artemia and shell-fish meat were given to the 
juveniles. 

All drawings were made using a profile projector 
and binocular stereomicroscope. The total length 
(TL) of each specimen was measured from the 
rostral tip to the end of the telson, excluding setae, 
the body length (BL) from the posterior margin of 
the orbit or posterior margin of the sessile eyes in 
case of the first zoea, to the posterior end of the 
telson, and the carapace length (CL) from post- 
orbital margin to the posteromedian end of the 
carapace. The nomenclature of each larval phase 
followed Kurata [18] and Williamson [19]. 


RESULTS 


The larvae pass through ten stages, nine zoeal 
and a megalopal before molting to the first juve- 
nile. The first zoeae subsist only on stored yolk 
but the second zoeae take food from the outside. 
The time from hatching to the first juvenile was 27 
days at the shortest, at a water temperature of 
about 27°C. The larvae could be reared in water of 
17.5 to 35%o salinity. 

The major characteristics of each stage are 
described and illustrated as follows. 


First zoea (Fig. 1) 


Age 2 days. TL 2.24mm, BL 1.86mm and CL 
0.38 mm. 

Rostrum smooth, straight, reaching middle of 
antennular peduncle. Carapace with a small ptery- 
gostomian spine. Eyes large and sessile. 

Antennular peduncle unsegmented, with a long 
plumose seta at inner distal end; outer flagellum 
with a short plumose seta, a long naked seta and 3 
aesthetes apically. Antennal peduncle bearing a 
basal spine; endopod (flagellum) unsegmented and 
shorter than scaphocerite, with a spine and long 
plumose seta at apex; scaphocerite with 5 seg- 
ments and with 3 spines and 10 plumose setae 
along margin. 

Mandible (right) with 2 teeth on incisor process 
and several small teeth on molar process. En- 
dopod of first maxilla palp-like and bifurcated; 
basal endite with 2 large and 2 small spines; coxal 
endite with 5 spines and a short naked seta. 
Endopod of second maxilla with a long seta at apex 
and basal small lobe bearing 2 short setae. Basal 
endite composed of 2 lobes with 3 short setae at 
apex of each coxal endite also composed of 2 lobes 
with 2 setae. Scaphognathite with 5 plumose mar- 
ginal setae. 

Endopod of first maxilliped much shorter than 
exopod, unsegmented with 3 apical and one sub- 
apical seta; exopod functional with 4 natatory 
plumose setae at apex; basis broad with 5 small 
setae on inner margin. Endopod of second maxil- 
liped 4-segmented with a strong bristle-like spine 
on last segment and 2 short setae on proximal 
segment; exopod longer than endopod, with 4 
natatory plumose setae at apex; basis with a small 
seta on inner margin. Endopod of third maxilliped 
4-segmented, with setation of 1, 1, 2 and 3 termi- 
nally; exopod with 4 natatory plumose setae at 
apex and 2 small subapical setae; basis with 2 small 
setae On inner margin. 

Uniramous buds of first and second pereopods 
present. Other pereopods absent. 

All pleopods absent. 

Telson triangular and not separated from sixth 
abdominal somite, and with a moderate median 
notch; posteror margin with 7 pairs of plumose 
setae, but outer 2 pairs plumose only on inner 
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Fic. 1. 


a, dorsal view; 6, antennule; c, antenna; 
g, first maxilliped; Ah, second maxilliped; 
pereopd; /, telson. 


margin. 

Red chromatophores present on dorso-anterior 
part of eyes, carapace, third abdominal somite, 
antennular peduncles, basicerites of second and 
third maxillipeds, and telson. 


Second zoea (Fig. 2) 


Age 4 days. TL 2.35mm, BL 2.02mm and CL 
0.38mm. 

Rostrum straight, separated from eyes. Cara- 
pace with prominent supraorbital and pterygosto- 
mial spines, and a small spine on dorsomedian line 
near anterior part. Eyes stalked and movable. 

Antennular peduncle 2-segmented with setation 
as in figure. Endopod of antenna unsegmented, 
apically with a small spine, a long plumose seta and 
2 naked setae; scaphocerite 5-segmented with a 
small spine and 12 setae. 
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J 


e, first maxilla; 
third maxillped; 


Macrobrachium grandimanus (Randall) — First zoea 


d, right mandible; 
l, 


f, second maxilla; 
J, first pereopod; k, second 


Both incisor parts now with 3 teeth; 2 strong 
teeth present in gap between processes of right 
mandible. Palp of first maxilla unsegmented and 
simple; basal endite now with 4 spines and 2 small 
setae; coxal endite with 4 spines, a plumose seta 
and a naked seta. Scaphognathite of second maxil- 
la with 7 plumose setae. 

First and second maxillipeds almost unchanged. 
Endopod of third maxilliped 5-segmented. 

Endopod of first pereopod 5-segmented but first 
segment indistinct, with setation of 1, 1, 1, 3 and 3 
terminally; exopod with 4 apical natatory plumose 
and 2 subapical short setae. Second pereopod 
essentially same as first. Biramous bud of third 
pereopod present. bud of fifth 
pereopod present. 

Ventrolateral angle of fourth abdominal somite 
sharply pointed. 


Uniramous 
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Fic. 2. Macrobrachium grandimanus (Randall) — Second zoea 
a, dorsal view; b, lateral view; c, antennule; d, antenna; e, right mandible; ff, left 
mandible; g, Ist maxilla; h, 2nd maxilla; i-k, 1st-3rd maxillipeds; /-n, 1st—3rd 
pereopods; o, 5th pereopod; pp, telson. 


Posterior margin of telson with 8 pairs of plu- 
mose setae but median pair small and naked. 


Third zoea (Fig. 3) 


Age 7 to 8 days. TL 2.68mm, BL 2.32 mm, and 
CL 0.42 mm. 

Rostrum as in second zoea. Carapace with de- 
veloped antennal spine. 

Antennular peduncle 3-segmented but first seg- 
ment indistinct; a small stylocerite developed with 
a spine. Endopod of antenna 3-segmented with 3 
apical and 2 subapical setae; scaphocerite longer 


than endopod, with one distinct and one indistinct 
segments distally. 

Right incisor process with 4 teeth; molar process 
with 5 small teeth. Two spines present in gap 
between processes of left mandible. First and 
second maxillae as in second zoea. 

All maxillipeds essentially same as those of third 
zoea. 

First and second pereopods as in second zoea. 
Third and fifth pereopods more developed than in 
second zoea but elongated buds. Biramous bud of 
fourth pereopod present. 
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Fic. 3. Macrobrachium grandimanus (Randall) — Third zoea 
a, lateral view; 6, antennule; c, antenna; dande, right and left mandibles; f, Ist 
maxilla; g, 2nd maxilla; A-j, Ist-3rd maxillipeds; k-—o, Ist-Sth pereopods; p, telson 


and uropods. 


Sixth abdominal somite separated from telson, 
with a sharp spine ventro-laterally. 

First pair of telson spines now shifted laterally. 
Process formula 7 pairs, median pair small, naked, 
remainer plumose. 

Uropods now well developed with setose ex- 
opods, endopods still narrow elongated buds. 


Fourth zoea (Fig. 4) 
Age 10 to 12 days. TL 3.32mm, BL 2.68mm 


and CL 0.53 mm. 

Rostrum reaching middle of first antennular 
peduncle, with a dorsal tooth. Carapace as in third 
zoea. 

Stylocerite of first antennular peduncle well 
developed, with 5 setae. Antennal endopod 4 
segmented and subequal to _ scaphocerite. 
Scaphocerite with an anterolateral spine and fring- 
ed along its entire inner margin with 17 plumose 
setae. 
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b 


Fic. 4. Macrobrachium grandimanus (Randall) — Fourth zoea 


a, lateral view; 6, antennule; c, antenna; d ande, right and left mandibles; f, Ist maxil- 
la; g, 2nd maxilla; h-j, Ist-3rd maxillipeds; k—-o, 1st-Sth pereopods; p, telson and 


uropod. 
Four strong teeth present in gap between pro- First and second pereopods as in third zoea. 
cesses of right mandible. First maxilla as in third Third pereopod now well developed with a 5- 
zoea. Scaphognathite with 11 plumose setae. segmented endopod and functional exopod bear- 


All maxillipeds essentially same as those of third ing 4 natatory plumose setae at apex. Uniramous 
zoea. fifth pereopod now well developed and 5- 
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segmented with one long spine and one seta on last __ly pointed posterolaterally. 

segment. Biramous fourth pereopod more de- Telson much longer than broad; posterior mar- 

veloped but still an elongated bud. gin broadly notched with 5 pairs of spines, outer- 
Posterolateral margin of third abdominal somite most process largest and non-plumose, median 

notched. Fifth and sixth abdominal somites sharp- pair small and naked, remaining three pairs, plu- 


Fic.5. Macrobrachium grandimanus (Randall) — Fifth zoea 


a, lateral view: b, antennule; c, antenna; d, left mandible; e, Ist maxilla; f, 2nd maxilla; 
g-i, 1st-3rd maxillipeds; j-n, 1st-Sth pereopods; 0, telson and uropod. 
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mose. 

Uropod much shorter than telson; endopod with 
9 plumose setae, shorter than many setose ex- 
opods. 


Fifth zoea (Fig. 5) 


Age 13 to 15 days. TL 3.65mm, BL 3.26mm 
and CL 0.63 mm. 

Rostrum and carapace as in fourth zoea. 

Antennular peduncle 3-segmented with setation 
as in figure; first segment with stylocerite and 
ventro-inner marginal spine proximally placed; 
both rami as in fourth zoea. Antennal fragellum 
6-segmented; scaphocerite with 20 plumose setae. 

Incisor process of left mandible with 6 teeth and 
molar process with 6 teeth. Palp of first maxilla 
with a seta at apex. Second maxilla as in fourth 
zoea but scaphognathite with one additional seta, 
making 12 plumose setae in all. 

Epipod of first maxilliped now well developed at 
coxa; basis broad with 6 setae on inner margin; 
endopod 2-segmented but indistinct, with 3 apical 
and 2 subapical setae; exopod with 5 plumose 
setae; caridean lobe somewhat developed with one 
seta. Second and third maxillipeds similar to those 
of fourth zoea except for increase in exopod setae. 

Fourth pereopod fully developed, endopod 5- 
segmented, exopod bearing plumose natatory 
setae. Remaining pereopods as in fourth zoea 
except for increase in spines and plumose setae. 

Telson slender and rectangular; posterior mar- 
gin slightly dented with 5 pairs of spines; lateral 
margin with 2 pairs of spines. Outer posterior 
margin of uropodal exopod ending in an apical 
spine. 


Sixth zoea (Fig. 6) 


Age 16 to 20 days. TL 4.86mm, BL 4.24mm 
and CL 0.70 mm. 

Rostral spine and dorsomedian spine of cara- 
pace with some small teeth on inner margin only. 

Distal segment of antennule biramous; inner 
flagellum 2-segmented with 4 setae at apex; outer 
flagellum with 2 short setae and two groups of 
aesthetes, a distal group of 4 and proximal group 
of 3. Antennal flagellum 7-segmented and slightly 
lower than scaphocerite; scale with one outer- 
distal spine and 26 plumose setae. 


Right mandible with 2 spines and left mandible, 
5 slender teeth in gap between processes. First 
maxilla as in fifth zoea. Scaphognathite with 25 
plumose setae. 

Caridean lobe of first maxilliped now well de- 
veloped, with 4 setae; epipod bilobed. Second and 
third maxillipeds essentially same as those of fifth 
zoea, except for setation. 

First to fifth pereopods as in fifth zoea except for 
spine and setation. 

Five pairs of gills newly developed at basal parts 
of each pereopod. 

Pleopods now newly developed but uniramous 
buds. 

Distal part of telson now narrower than proxi- 
mal; posterior margin slightly convex with 5 pairs 
of spines; 3 pairs of spines present on lateral 
margin of telson. Endopod of uropod shorter than 
exopod, with 10 short dorsal and 25 entire margin- 
al setae; exopod with one spine and 27 setae. 


Seventh zoea (Fig. 7) 


Age 19 to 22 days. CL 4.79mm, BL 4.12mm 
and CL 0.72 mm. 

Rostrum and carapace as in preceding stage. 

Inner ramus of antennular exopod with 4 groups 
of 4, 3, 1 and 1 aesthetes. Antennal flagellum 
8-segmented, longer than scaphocerite; scale with 
one spine and 28 plumose setae. 

Right mandible with 5 teeth and left mandible, 6 
teeth in gap between processes. First maxilla as in 
sixth zoea. Scaphognathite with 29 setae. 

Caridean lobe of first maxilliped with 5 setae; 
basis with 11 setae; epipod and endopod un- 
changed. 

All pereopods essentially same as those in sixth 
zoea, except in size, and number of spine and 
setae. 

Pleopods biramous but unsegmented; exopod of 
fourth pleopod with a subapical plumose seta. 

Telson tapering; posterior margin more convex 
with 5 pairs of spines; lateral margin with 3 pairs of 
spines. 


Eighth zoea (Fig. 8) 


Age 23 to 25 days. TL 6.20mm, BL 5.30mm 
and CL 1.00mm. 
Rostrum and carapace similar to those of 
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Fic.6. Marcrobrachium grandimanus (Randall) — Sixth zoea 


a, lateral view; 6, antennule; c, antenna; e and f, right and left mandibles;  g, 
Ist maxilla; A, 2nd maxilla; i-k, Ist-3rd maxillipeds; /, Ist pereopod; m, 5th 


pereopod; n, telson; o, uropod. 


seventh zoea. 

Inner ramus of antennular exopod with 3 groups 
of 4, 3 and 2 aesthetes; outer ramus 2-segmented 
with 4 small setae at apex; endopod 4-segmented 
and slightly longer than endopod. Antennal flagel- 
lum 10-segmented; scaphocerite with one spine 
and 30 plumose setae. 

Tooth number of mandibles in gap between 


processes as in seventh zoea. Scaphognathite of 
second maxilla with 32 setae. 

All maxillipeds as in seventh zoea. 

First and second pereopods with developing 
chelae; fixed fingers with 2 setae at apex. Remain- 
ing pereopods basically as same as those of seventh 
zoea. 

Pleopods segmented and biramous; endopods of 


a 
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Fic. 7. Macrobrachium grandimanus (Randall) — Seventh zoea 


a, lateral view; 6, antennule; 
Ist maxilla; g, 2nd maxilla; 
pleopods; k, telson; /, uropod. 


all pleopods without arms; exopods of pleopods 
one to 4 with a few small spines and plumose setae. 
Telson longer and tapering; posterior setal for- 
mula unchanged; 2 pairs of dorso-lateral spines 
and one pair of small disto-lateral spines present. 
Uropods longer than telson, with many setae. 


Ninth zoea (Fig. 9) 


Age 25 to 27 days. TL 6.36mm, BL 5.40mm 
and CL 1.12mm. 

Rostrum elongated, slightly exceeding first seg- 
ment of antennular peduncle; upper margin with 
one spine, several minute teeth and a few short 
setae; lower margin smooth. 

Antennular endopod 4-segmented; inner 


c, antenna; 
h, 1st maxilliped; 


d and e, left and right mandibles; f, 
1, 5th pereopod; j 1-5, 1st—Sth 


ramous of exopod now carrying 5 groups of 3, 3, 3, 
3 and 2 aesthetes; outer ramous 4-segmented and 
slightly longer than endopod. Antennal flagellum 
elongated and 11 segmented; scaphocerite with 
one spine and 34 setae. 

Right mandible with 2 teeth and left mandible 
with 6 teeth in gap between processes. Palp of first 
maxilla with 2 short setae at apex. Scaphognathite 
of second maxilla with 38 setae on entire margin. 

Caridean lobe of first maxilliped with 8 setae. 

First and second pereopods fully chelate, with 
exopods having 16 and 13 natatory setae, respec- 
tively. 

Exopods of all pleopod setose. Endopod of first 
pleopod small and without appendix interna; en- 
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Fic. 8. Macrobrachium grandimanus (Randall) — Eighth zoea 


\ \ 
\ \\ 
\ \ 


a, lateral view; 6, antennule; c, antenna; d and e, right and left mandibles; f, Ist 
maxilla; g, 2nd maxilla; A, Ist maxilliped; i andj, developing chelae of Ist and 2nd 
pereopods; k 1-5, Ist-Sth pleopods; /, telson and uropod. 


dopods of second to fifth pleopods setose, each Endo- and exopods of uropods with increased 

with appendix interna. number of dorsal and entire marginal setae. 
Telson very elongated, distal part less than half 

proximal width; setal formula as in eighth zoea. 
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Fic. 9. Macrobrachium grandimanus (Randall) — Ninth zoea 


a, lateral view; 6, antennule; c, antenna; d and e, right and left mandibles; ff, Ist 
maxilla; g, 2nd maxilla; h, 1st maxilliped; i andj, lst and 2nd pereopods; k 1-5, 
Ist-Sth pleopods; /, telson; m, uropod. 
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Rostrum elongated, reaching middle of second 


Megalopa (Fig. 10) segment of antennular peduncle; 11 teeth on upper 
Age 27 to 30 days. TL 6.36mm, BL 5.29mm __ border and one on lower. 
and CL 0.98mm. Otolith newly developed at side of stylocerite of 


7 «& 
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Fic. 10. Macrobrachium grandimanus (Randall) — Megalopa 
d and e, right and left mandibles; f and g, 


a, lateral view: 6, antennule: c, antenna; 
l-p, 1st-Sth pereopods; 


right and left maxillules; A, 2nd maxilla; ik, lst-3rd maxillipeds; 
q-s, lst, 2nd and 5th pleopods; 1, telson; wu, uropod. 
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antennular first segment. Antennular endopod 
slender, 7-segmented; outer ramous of exopod 
8-segmented, inner ramous 2-segmented with 4 
groups of 3, 2, 2 and 2 aethetes. Antennal flagel- 
lum very elongated, about 4 times as long as 
scaphocerite; scale with one disto-lateral spine and 
37 setae along its entire inner margin. 

Mandible still in larval form. Palp of first maxil- 
la slightly cleft at distal inner part; basal and coxal 
endites fringed with numerous setae and spines. 
Endopod of second maxilla unsegmented and 
without arms; scaphognathite large with 39 setae; 
coxal endite unilobed with 4 setae; basal endite 
bilobed, upper and lower lobes bearing 6 and 5 
setae, respectively. 

Endopod of first maxilliped unsegmented with 3 
apical and 2 subapical setae; exopod unsegmented 
with 5 natatory setae distally and 9 setae on well 
developed caridean lobe; basal endite with numer- 
ous setae and coxal 4; epipod unsegmented and 
without arms. Endopod of second maxilliped 5- 
segmented with many setae on broad ultimate and 
penultimate segments; exopod longer than en- 
dopod, with 7 natatory setae. Endopod of third 
maxilliped 3-segmented and longer than exopod. 

First and second pereopods with well developed 
chelae; dactyl and fixed finger with numerous 
small setae; exopods reduced but still having nata- 
tory setae. Exopods of third and fourth pereopods 
also reduced but with natatory setae; fifth 
pereopod largest. 

All pleopods now well developed and function- 
al; endo- and exopods of all pleopods setose; 
appendix interna present on endopods of second to 
fifth pleopods and with some small hooks on each. 

Telson as in ninth zoea. Outer distal margin of 
uropodal exopod produced to form stout spine 
with small spine inside. 


First juvenile (Fig. 11) 

Age 30 to 34 days. TL 7.59mm, BL 6.32mm 
and CL 1.44mm. 

This stage shows all the essential features of the 
adult form though some juvenile features still 
persist. The major characters are as follows: Su- 
praorbital and pterygostomial spine absent, anten- 
nal and hepatic spines distinctly present. 

Rostrum slightly curved downwards, reaching 
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distal end of second segment of antennular pe- 
duncle; 11 teeth on upper border and 2 on lower. 

Antennular endopod 16-segmented; exopod 
biramous, consisting of 2 basal segments, 18- 
segmented outer flagellum and unsegmented inner 
flagellum with 5 groups of 3, 2, 2, 2 and 2 
aesthetes. Antennal flagellum longer then total 
body length; scaphocerite with one spine and 35 
setae. 

Mandible with a long molar process, 3 teeth on 
incisor process and small rounded bud of palp. 
Palp of first maxilla distinctly bilobed with a seta at 
lower lobe; basal and coxal endites with 11 and 10 
setae, respectively. Endopod of second maxilla 
unsegmented with 4 short setae on outer proximal 
margin; scaphognathite large with 52 setae; en- 
dites elongated and deeply clefted with several 
distal setae. 

Basis and coxa of first maxilliped separated by a 
notch, with numerous spines and setae; endopod 
unsegmented with a subapical inner seta; exopod 
with a short seta and 4 long natatory setae and 13 
setae on well developed caridean lobe; epipod 
bilobed, upper lobe larger than lower. Second 
maxilliped pediform; ultimate segment contiguous 
with penultimate along its entire length; exopod 
much longer than endopod with 10 natatory setae; 
bilobed epipod now well developed. Third maxil- 
liped 3-segmented and about twice as long as 
exopod; bilobed-epipod now well developed. 

Exopod of all pereopods disappeared. First 
pereopod smaller than second; each chela well 
developed and functional; second chela larger than 
first. Third and fourth pereopods similar in size 
and form. Fully developed fifth pereopod longest 
with small setae on each segment. 

All pleopods essentially same as those of mega- 
lopal stage, except in size and setation. 

Telson elongated and narrower posteriorly with 
2 pairs of dorsal spines; posterior margin medially 
produced with a pair of plumose setae and 2 pairs 
of spines; outer pair of spines small and inner pair 
greatly developed; a pair of small setae present at 
base of median process. 
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Fic. 11. Macrobrachium grandimanus (Randall) — First juvenile 
d and e, right and left mandibles; f, Ist maxilla; 


k-o, Ist-Sth pereopods; p, 2nd pleopod; gq, Ist 


a, lateral view: 6, antennule; c, antenna; 
g. 2nd maxilla; A-j, Ist-3rd maxillipeds; 


pleopod; rr, telson. 
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TABLE 1. Developmental characteristics and rearing conditions of the 


Egg No. of Salinity Duration & 
Species name type zoeal (%o) temperature 
stages (CC) 

M. niloticum S 8-10 0 y, 
M. amazonicum S 8- 9 10 23-26 days at 24+0.25 
M. nipponense S s) 8.26—9.32 15-20 days at 27.8-28.2 
M. formosense S 9 13-16 22 days at 24-28 
M. grandimanus S 9 17.5=24.5 27-30 days at 27 
M. acanthurus S 10 74) 32-42 days 
M. equidens S 10 32,09) 36-53 days at 26—29.5 
M. novaehollandiae S 10 23 41-58 days at 13-28 
M. intermedium S about 10 35 y, 
M. rosenbergii S 11 12-12.3 36 days at 28+0.5 
M. lar S about 12 33a 65 days at 23-26.5 
M. carcinus S 1, 14-16 55-56 days at 24-28 
Macrobrachium sp. S i 32.1—32.9 11 days at 26—29.2 
M. olfersii S over 12 21-35 ? 
M. lamarrei M 3 0 ? 
M. lammarrei lammarrei M 3 0 5-6 days 
M. australiense M 3 0 6 days at 21-28 
M. histnensis M 3 0 4—S days at 28-29 
M. hendersodayanum L 0 0 3-4 days 
M. shokitai IL, 1 0 20hr at 28-29.5 
M. asperulum L 1 0 2 days at 27.8-28.2 


Abbreviations: S, small-egg type; M, medium-egg type; L, large-egg type; * rounded bud and 
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Fic. 12. Relationship between latitude and species number of inlandwater palaemonid prawns 
from the islands of West Pacific, and a map showing possible distribution areas of 
Macrobrachium grandimanus. The darker areas show the center-of-origin of inlandwater 
palaemonid prawns in Pacific as suggested on the basis of species abundance. 
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Macrobrachium species belonging to the family Palaemonidae 
Stages of appearance and completion of various appendages No. of 
— — — telson setae References 

Stalked Ist & 2nd 3rd 4th Sth on Ist zoea 

eye pereopods pereopod  pereopod  pereopod Pleopods 

Il by th) BS (ER) ye TE CV) Fy) 80D) v* Qe 14 Williamson [10] 

I] ? ? ? ? VE. CVE)" 14 Guest [15] 

Il i (i) Ii (il) IV (Vv) BiiFV) V* C¥iP? 14 kwon & Uno [4] 

Il I db eH(hV > CIV. CV) mriivy Vv" CVE)" 14 Shokita [7] 

Il ao (Tf) (TV) . “EE CV) me yy VES CUVEE 14 present paper 

Il eyo. ee) Ill (Vv) V3 UVi) i CV © VI" CVETP* 14 Choudhury [8 ] 

Il I (i) EV TEE ANS) ET (TV) VE ID 14 Ngoc-Ho [12] 

Il Pa, (il) MD shiv, AVEC AI tiv) | Vil" CVD)** 14 Greenwood eral. [13] 

Il he GD) 1 (EV) sy AL i CV) mecctviy Vo eyviy™ 14 Williamson [10] 

II GH SE TiEY) Lie SVE)? EPO (EV) «=—VI* oC VIl)*™" 14 Uno & Kwon [ 6 | 

II I (i) ea GY) EE AVI) © HM’ -(V) oe BUN EER 14 Atkinson [14] 

Il Biwi AED) eS EV * TV. (V5)... TH CV) A al, Fac 14 Choudhury [9 ] 

II bon» CH) itil y AVE) ol (TV)  VEL* (VEN) ** 14 Ngoc-Ho [12] 

II z=. (i) II (V) Vv. AWIR) - II...(V) IX* or X* 14 Dugger & Dobkin [11] 

Il I (i) o-Ps (EE) prt i) I (il) (77 14 Rajyalakshmi [20] 

Il I (il) i) sti) E 2 tb) I (Il) ¢h)5* 14 Jalihal et al. [21] 

II E -UIb) RinecGal) I (i) rs. (it) | tamer hg 14 Fielder [22] 

II BH) By gao § I) -.() bath CY 22-28  Jalihal etal. [23] 

I (1) (1) (1) (1) el ce 22-24 = Jalihal & Sankolli [24] 

II (1) (1) (1) (1) (EFr 34-35. Shokita [25] 

I (1) (1) (1) (1) if Dies 33 Shokita [26] 
** biramous bud. 

finally, the fourth. Pleopod development usually 
DISCUSSION 


As already mentioned, Macrobrachium grandi- 
manus shows the small-egg type of developmental 
pattern. Among the small-egg prawns, the num- 
ber of zoeal stages varied from 8 to over 12. 
Although larval development was influenced by 
rearing conditions such as water temperature and 
type of food supplied, the zoeal duration of each 
species varied from 15 to 65 days (Table 1). Under 
laboratory conditions, each species had an opti- 
mum salinity range for maximum survival and 
larval development. In the case of M. grandima- 
nus larval growth was optimal at salt concentra- 
tions from 17.5 to 35% seawater. 

In the development of pereopods among small- 
egg prawns, the first to second pereopods 
appeared first, then the third and fifth next, and 


occurred much later than that of the pereopods. 
With M. grandimanus, the first and second 
pereopod buds appeared in the first zoeal stage, 
the third and fifth at the second zoea, and the 
fourth at the third zoea. Segmented and function- 
al pereopods were completed in the following 
stages: the first to second pereopods at the second 
zoea, the third and fifth at the fourth zoea, and the 
fourth at the fifth zoea. Pleopod buds appeared at 
the sixth zoeal stage and became biramous at the 
seventh zoea but not functional. The developmen- 
tal stages of the pereopods and pleopods differed 
for each species (Table 1). 

The pleopods of medium and large egg prawns 
appeared at the first zoeal stage (Table 1). 

To understand why M. grandinamus has a large 
range of distribution in the north and south Pacific 
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seas, the marine dispersal capacity of larvae is an 
important factor to consider. The larvae of this 
species require water of comparatively high salin- 
ity to metamorphose successfully to the juvenile 
stage. They should be able to lead a long free- 
swimming larval life so as to become widely distri- 
buted throughout the sea. 

The author points out the following pertinent 
finding: Small-egg prawns metamorphosing in 
brackish water tend to have a relatively abbrevi- 
ated larval stage and subsequent settlement, 
whereas with species preferring more saline water 
the larval stage for free-swimming is longer. Spe- 
cies whose period of free swimming is prolonged 
can thus attain a wide distribution in the sea [17]. 

A comprehensive survey of their geographical 
distribution would show that M. grandinamus in- 
habit waters surrounding various tropical and sub- 
tropical islands in the Pacific. Such a possible 
distribution is shown in Figure 12. The numbers 
of inlandwater palaemonid prawn known at vari- 
ous latitudes of the West-Pacific islands are 
summarized in Figure 12, based on Holthuis [27], 
Shokita [17], Hwang and Yu [28] and Shokita et al. 
(unpublished data). There are many species in 
tropical regions between 10°S latitude and 10°N 
latitude. Beyond these latitudes, the number of 
species decreases gradually. 

Many inlandwater palaemonid prawns are be- 
lieved to inhabit tropical West-Pacific regions. If it 
is true that areas with the greatest abundance of 
species are the center of their origin, it may be 
reasonable to conclude that M. grandinamus pos- 
sibly derived from the tropical West Pacific in the 
form of many species, and during the larval stages, 
spread out to the subtropical Pacific by ocean 
currents. 

There is also the possibility that this species may 
be a relatively new settler to the inlandwater since 
it still inhabits brackish areas of the lower reaches 
and salty springs near the sea. 
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A Substance Inhibiting Rhythmic Contraction of the Gonad 
in the Shedding Sea Urchin 


YOSHINORI OKADA and KryortuGu S. Iwata! 


Department of Biology, Faculty of Science, Okayama University, 
Okayama 700, Japan 


ABSTRACT— Rhythmic contraction of sea urchin ma- 
ture gonad was elicited by washing the test cavity with 
fresh sea water as well as by KCI or electrical current. 
This rhythmic contraction was inhibited by coelomic fluid 
of sea urchin or extracts of various tissues of various 
marine animals (sea urchin, starfish, sea cucumber, oys- 
ter and fish). The arrhythmic tension development of the 
gonad resulting from direct action of KCI on the gonadal 
muscle was, however, not inhibited at all by the coelomic 
fluid and extracts. 


During the breeding season, both sexes of sea 
urchins release mature gametes readily in response 
to one of artificial stimuli such as KCI and electri- 
cal current. In our previous paper it was shown 
that the artificial stimuli act directly on the muscles 
in the gonadal wall to elicit the arrhythmic contrac- 
tion of gonads with a large time constant, or 
indirectly on them through the pacemaker neurons 
to elicit the rhythmic contraction of gonads lasting 
for a long time [1]. In this paper, we briefly show 
that in both sexes of sea urchins the rhythmic 
contraction of gonads was inhibited not only by 
coelomic fluid or gonad extracts of the conspecies, 
but also by extracts of various tissues obtained 
from all the different species (6 species) of marine 
animals, so far as we have examined. 


MATERIALS AND METHODS 


Experiments were carried out on the gonadal 
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movements of both sexes of the sea urchin, Tem- 
nopleurus toreumaticus (Leske), during the sum- 
mer breeding season. The preparation, applica- 
tion of 0.5M KCI or electrical current, and the 
recording procedure of gonadal movements were 
identical to those described in our previous paper 
[1]. The whole course of the experiments was 
conducted in the air conditioned room regulated to 
about 28°C. 

“Wash”, coelomic fluid of sea urchin and tissue 
extracts from various animals were used to test 
their effects on the gonadal movements. The 
“wash” was obtained by running fresh sea water 
into the test cavity at a rate of 80ml/min from a 
fine nozzel (1 mm in diameter). For collecting the 
coelomic fluid of Temnopleurus toreumaticus, the 
peristome was removed and the fluid was flowed 
into a petridish. Tissue extracts were obtained 
from the gonads of two species of the sea urchins 
(Temnopleurus toreumaticus and Anthocidaris 
crassispina), starfish (Asterias amurensis), sea 
cucumber (Sticopus japonicus) and oyster (Saxos- 
trea echinata), from the gill and siphon of the clam 
(Saxidomus purpuratus) and from the muscle of 
the mullet (Mugil cephalus). A freshly isolated 
tissue, to which equal weight of sea water was 
added, was homogenized at 0'C and centrifuged at 
10,000 rpm for 30 min at 4°C. The fluid aspirated 
from the middle layer of the supernatant was 
diluted 5-fold with sea water to reduce its viscosity. 

To test the effects of the coelomic fluid and 
tissue extracts on the gonadal movements, a few 
drops (about 0.1 ml) of each were applied into the 
test cavity with the aid of a pipette. 
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RESULTS AND DISCUSSION 


Occasionally, washing the test cavity with fresh 
sea water itself elicited the rhythmic contraction of 
gonads. In this case, the rhythmic contraction 
faded away in a few minutes, but it reappeared 
when the test cavity was rewashed with sea water 
(Fig. 1A). The temporal characteristics of this 
type of rhythmic contraction were quite similar to 
those of rhythmic contraction elicited by the ap- 
plication of 0.5M KCI or electrical current to the 


gonads [1]. Concerning those facts, it was con- 
firmed that the mechanical agitation itself did not 
give any stimulating influence on the gonads: the 
stir of sea water filling the test cavity up with a 
glass rod was ineffective in eliciting the rhythmic 
contraction of gonads. 

When the amplitude and frequency of rhythmic 
contraction of gonads elicited by electric current 
became smaller and lower respectively, washing 
the test cavity with fresh water brought about the 
increase in amplitude and frequency of rhythmic 
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A: Washing effect on gonadal movement. Rhythmic contraction of the ovary was 


Fic. 1. 


elicited by washing the test cavity with fresh sea water (W). 


1min 


B: Rhythmic contraction 


of the testis restored by washing the test cavity with fresh sea water (W). At the 
beginning of recording, the rhythmic contraction was induced by electrical stimulation 


(ES, 10msec, 50Hz, 30V) for 10 sec. 


C: Effect of the coelomic fluid (C) of an 


unshedded male ( Temnopleurus toreumaticus ). The coelomic fluid inhibited the rhyth- 


mic contraction of the testis induced by 0.5M KCl. 


D: Effect of testis extract. The 


rhythmic contraction of the ovary induced by 0.5M KCI was inhibited by adding two 
drops of the testis extract (E) of T. toreumaticus, though the tension of gonads was 


maintained in a level. 


E: Application of 0.5M KCI induced only the arrhythmic 


tension development of the ovary when the preparation was pretreated with three drops 
of the test extract (E). Irregularly diphasic deflection during each washing (W) was 
artifacts caused by strong water current. Note the occurrence of the rhythmic contrac- 
tion after washing in D and E. Each contraction is marked with a dot. 
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contraction and this effect of washing lasted for a 
few minutes (Fig. 1B). 

When the test cavity was washed with the coelo- 
mic fluid obtained from the conspecies, it was 
ineffective in eliciting the rhythmic contraction of 
gonads in the preparation, while it was effective 
dramatically in inhibiting the rhythmic contraction 
in the preparation responding to 0.5M KCl (Fig. 
TC); 

On the other hand, as shown in Figure 1D, a few 
drops of the testis extract, which was prepared 
after following the above mentioned procedure, 
clearly inhibited the rhythmic contraction of the 
ovary elicited by 0.5 M KCI and the removal of the 
extract by washing the test cavity with sea water 
produced the reappearance of the rhythmic con- 
traction. Powerful inhibitory activity of the testis 
extract was still present after boiling at 100°C for 
more than one minute or preserving at 0C for five 
days. The untreated or boiled extracts diluted 
10-fold with sea water showed that they were still 
effective in inhibiting the rhythmic contraction 
completely, though in some cases the extract re- 
duced only the frequency of the rhythmic contrac- 
tion. Even in the boiled or untreated extracts 
diluted 100-fold with sea water, the inhibitory 
effect on rhythmic contraction was confirmed in 5 
among |1 cases tested. 

Both the ovary and testis extracts of Temno- 
pleurus toreumaticus were equally effective in in- 
hibiting the rhythmic contraction of the gonad in 
both sexes. All the gonad extracts of the other 
species of sea urchin, starfish, sea cucumber and 
oyster prepared in the same procedure as for the 
gonad of Temnopleurus toreumaticus were proved 
to give the inhibitory influence on the rhythmic 
contraction, and did not show species specificity in 
their inhibitory action. Furthermore, the siphon 
and gill extracts of the clam and the muscle extract 
of the mullet were equally effective for the gonadal 
movements, so that they brought about the inhibi- 
tion of rhythmic contraction. 

Our previous paper [1] has shown that the 
application of 0.1mM acetylcholine to the quies- 
cent gonad or 0.5M KCI to the gonad anaesthe- 
tized with 0.66M MgCl, were able to develop the 
sustained tension of the gonad, and this type of 
arrhythmic tension development was caused by the 


direct action of chemicals on the gonadal muscles. 

In the present experiment it was found that the 
arrhythmic tension development induced by 0.1 
mM acetylcholine or 0.5M KCI was not inhibited 
by any one of the above-mentioned extracts (Fig. 
1D) and that when a few drops of extract were 
added to the test cavity in the quiescent state of 
gonad, 0.1mM acetylcholine or 0.5M KCI was 
able to elicit the arrhythmic tension development 
(Fig. LE). 

Concerning the fact that the gonads never 
showed the rhythmic contraction as far as they 
were left intact, but they did the rhythmic contrac- 
tion when they were washed with sea water, there 
might three possibilities which needed to be con- 
sidered: 1) the decrease in the irritability of gonad- 
al muscles or their failure in contraction in the 
quiescent gonads, 2) nonexistence of the excitation 
leading the rhythmic contraction in them and 3) 
coexistence of the excitation and the certain under- 
lying factor inhibiting the rhythmic contraction in 
them. However, the first possibility was excluded, 
because the reappearence of rhythmic contraction 
was observed when the quiescent gonads were 
rewashed with sea water (Fig. 1A). The stale sea 
water filled in the test cavity for about half an hour 
showed the tendency to inhibit the rhythmic con- 
traction elicited by 0.5M KCl. The inhibitory in- 
fluences of the stale sea water, coelomic fluid and 
tissue extracts strongly suggested the reality of the 
third possibility rather than the second possibility. 
It may be, therefore, said that in the coelomic fluid 
and tissue in the test cavity there may exist some 
substance selectively inhibiting the rhythmic con- 
traction of gonads, and the washing effect will be 
due to the removal of such a substance oozing from 
the tissues in the test cavity. In the starfish, the 
spawning inhibitory substance has been found in 
the radial nerve [2] and also in the testis [3], it has 
been isolated from the testis and identified chemi- 
cally as glutamic acid [3]. The present result indi- 
cates evidently that in the sea urchin the shedding 
inhibitory substance is contained not only in the 
tissues of the conspecies, but also in various tissues 
of many other animals. 

The target on which the inhibitory substance: 
acts may be either the gonadal muscle or the 
pacemaker neurons triggering the rhythmic con- 
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traction of gonads. However, it is possible to say 
that the latter is the case, because the arrhythmic 
contraction of gonads elicited by the direct action 
of 0.5 M KCI was not inhibited by the tissue extract 
(Fig. 1D). 

Although we have as yet very little knowledge as 
to what is the shedding inhibitory substance for sea 
urchin gonads, it may be said that the rhythmic 
contraction depends probably both on the excita- 
tion of pacemaker neurons triggering the rhythmic 
contraction and on the inhibitory effect of the 
substance on the excitation of pacemaker neurons. 
In nature, the spawning of the sea urchins will 
occur only when the excitation of pacemaker 
neurons exceeds the action of shedding inhibitory 
substance. The shedding inhibitory substance may 
serve for preventing an accidental release of the 
gametes induced by the weak or erratic excitation 
of pacemaker neurons, and also for leading the sea 
urchins, of which their responsiveness to the 
spawning triggering stimulus differs in the timing 
one another, to the spawning of the conspecies in 


“ While we were preparing the manuscript of this paper, 
Nogi and Yoshida [4] have found recently that the 
shedding inhibitory substance in the extracts of the 
gonad is glutamic acid which acts as the spawning 
inhibitory substance for the starfish [3]. 


concert. Further studies into both the identifica- 
tion* of shedding inhibitory substance and the 
inhibitory mechanism in the aboral nerve ring- 
gonad system are needed. 
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ABSTRACT— In order to examine the mode of action of 
androgen in the hypogastric ganglion which shows sexual 
dimorphism, pregnant ICR mice were injected with 
testosterone propionate (TP) or non-aromatizable 
androgen (5a-dihydrotestosterone, 5a-DHT) from days 
14 to 18 of gestation. TP-exposed male offspring had 
about 1.8 times of neurons in the hypogastric ganglion 
compared with controls. 5a-DHT-exposed males also 
significantly increased the neuron number of the ganglion 
to a level comparable to that of TP-exposed males. 
These results suggest that aromatization from androgen 
to estrogen may not primarily be involved in the process 
of the sexual differentiation of the mouse hypogastric 
ganglion. 


INTRODUCTION 


It is generally accepted that gonadal androgen 
acts on the developing central nervous system such 
as preoptic area, hypothalamus or amygdala by 
allowing its active form to be aromatized from 
androgen to estrogen [1-3]. 

Our previous studies have shown that prenatal 
treatment of mice with testosterone propionate 
elicits an increase of neuron number in the hypo- 
gastric ganglion which innervates the internal geni- 
talia [4, 5]. Similar neurotrophic effects of 
androgen on the developing sympathetic ganglion 
have been reported in the rat superior cervical 
ganglion [6, 7]. 

In the present study, as one step to elucidate 
whether aromatization from androgen to estrogen 
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is involved in the process of the prenatal develop- 
ment of the hypogastric ganglion, effect of the 
prenatal exposure to nonaromatizable androgen, 
5a-dihydrotestosterone, on the mouse hypogastric 
ganglion was investigated. 


MATERIALS AND METHODS 


Timed pregnant ICR mice were obtained from 
Charles River Japan Inc. The day when vaginal 
plugs were found was designated “day 0” of the 
pregnancy. These pregnant mice were injected 
subcutaneously with testosterone propionate (TP, 
Sigma Chem. Co., St. Louis, U.S.A., 2mg/ 
animal/day, Group 3), Sa-dihydrotestosterone* 
(Sa-DHT, Sigma Chem. Co., St. Louis, U.S.A., 
2 mg/animal/day, Group 2) or vehicle (sesame oil, 
0.05 ml/animal/day, Group 1) from days 14 to 18 of 
gestation. TP-, 5a-DHT- or vehicle-treated male 
offspring were sacrificed on the day of birth (day 
19 of gestation). After sacrifice, caudal body 
halves were immediately fixed in Bouin’s solution. 
These materials were dehydrated in alcohol and 
embedded in paraplast. The complete serial cross- 
sections were cut at 8 um in thickness and were 
stained with hematoxylin and eosin. 

For the measurement of the neurons, raw counts 
of the neuronal nuclei with clear nucleolus were 


* No significant contamination of estrogen, testosterone, 
or other steroid hormones was detected by thin-layer 
and gas-liquid chromatography; These data are by 
courtesy of Dr. K. Shibata, Teikoku Hormone Mfg. 
Co. Ltd., Kawasaki, Kanagawa, Japan. 
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made under the micrographs (a primary magnifica- 
tion of < 100 enlarged to x 1,000 for counting cell 
numbers) taken from every third section through 
the caudal pole to the cranial pole of the hypogas- 
tric ganglion at right side in each animal. Then, 
neuronal population in the hypogastric ganglion 
was estimated according to Konigsmark’s methods 
[8, 9]. The statistical significance of differences 
between groups was determined by Student’s t- 
test. 


RESULTS AND DISCUSSION 


The results of the effect of prenatal androgen 
treatment on the number of neurons in the male 
mouse hypogastric ganglion are summarized in 
Figure 1. The number of neurons in TP-exposed 
males (Group 3) and 5a-DHT-exposed males 
(Group 2) was significantly larger than that of 
control males (Group 1) (Gr. 1 vs Gr. 3, P< 
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Fic. 1. Effect of prenatal aaa - ene to 


testosterone propionate and Sa-dihydrotestoster- 
one on the number of neurons in the hypogastric 
ganglion. The vertical bars show S.E.M. The 
number at top of each column indicate examined 
animals. D 14 and D 18: days 14 and 18 of gesta- 
tion. 


0.001, vs Gr. 2, P<0.001, respectively). On the 
other hand, there is no significant difference in 
neuron number between TP- and 5a-DHT- 
exposed males. 

According to the current concept of aromatiza- 
tion hypothesis, conversion from androgen to 
estrogen is thought to be prerequisitive to the 
masculinization of certain brain function such as 
control of ovulation or sexual behavior [1]. 
However, evidence is also available that non- 
aromatizable androgen (Sa-DHT) given to 
neonatal female rats is able to induce masculiniza- 
tion of the center for regulation of gonadotrophin 
release [11-13]. This is supported by the existence 
of 5a-DHT receptor [14, 15] or 5a-reductase [16] 
in the neonatal hypothalamus. Breedlove ef al. 
[17] and Jordan et al. [18] assumed recently that 
aromatized estrogen from testosterone is not 
necessary for the masculinization of the rat lumbar 
nucleus which shows morphologically sexual 
dimorphism. The nuclear uptake of 7>H-DHT in 
motor neurons was demonstrated in rat [19] and 
primate [20] spinal cord. Moreover, it has been 
reported that 5a-DHT caused a significant in- 
crease in the number of neurons in the forebrain 
vocal nuclei of the zebra finch if steroids were 
given during the early post-hatching days [10]. 
The results of the present study that as well as TP, 
the prenatal 5a-DHT treatment markedly in- 
creased the number of neurons in the mouse 
hypogastric ganglion may imply that aromatization 
is not essential to exert neurotropic action of 
androgen on the ganglion cells. In our previous 
studies, prenatal exposure of mice to synthetic 
estrogen diethylstilbestrol, DES, also brought 
about an increase of neuron number in the hypo- 
gastric ganglion [4, 22]. However, this increase 
could not simply be ascribed to the direct action of 
estrogen on the ganglion because DES caused the 
development of the Miillerian ducts in males, so 
that innervation targets of the neurons of the 
hypogastric ganglion became double [4, 20]. 
There is evidence suggesting that neonatal admi- 
nistration of estradiol as well as testosterone in- 
creased the number of neurons in the rat superior 
cervical ganglion [7, 21]. Therefore, the possibil- 
ity that the action of androgen on the developing 
hypogastric ganglion coexists with aromatization 
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of androgen cannot be ruled out. Further study is 
necessary to define the existence of androgen 
and/or estrogen receptor in the fetal hypogastric 
ganglion. 
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Colocalization of Corticotropin-Releasing Factor/Urotensin I 
and Urotensin II in the Caudal Neurosecretory 
Neurons in the Carp, Cyprinus carpio 
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Department of Biology, Faculty of Science, Toho University, 
Miyama 2-2-1, Funabashi, Chiba 274, Japan 


ABSTRACT—Localizations of corticotropin-releasing 
factor (CRF)- and urotensin Il-immunoreactivity were 
studied in the caudal neurosecretory system of the carp, 
Cyprinus carpio. Since CRF has several amino acid 
sequences homologous with urotensin I (UI), anti-CRF 
serum was used to detect CRF- or UI-like (CRF/UI) 
substance. Three types of neurosecretory neurons were 
identified: . CRF/Ul-immunoreactive neurons, UII- 
immunoreactive neurons and neurons with both CRF/ 
UI- and Ull-immunoreactivities. The number of UII- 
immunoreactive neurons exceeded those of other neuron 
types. It is possible, however, that neurons which 
showed either CRF/UI- or UIl-immunoreactivity may 
not have contained an immunohistochemically sufficient 
amount of the other urotensin type. 


INTRODUCTION 


The primary structures of two urophysial hor- 
mones, urotensin I (UI) and urotensin II (UII), 
have recently been determined [1-5]. UI has 
several amino acid sequences homologous with 
mammalian corticotropin-releasing factor (CRF). 
Accordingly, CRF antiserum can be used to detect 
CRF- or UI-like (CRF/UI) substance in the caudal 
neurosecretory system of fishes. In this study, 
localizations of UII- and CRF/UI-immunoreactivi- 
ty were examined, using antisera to CRF and UII, 
in the carp. 
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MATERIALS AND METHODS 


The carp, Cyprinus carpio, were purchased from 
a commercial source. The caudal spinal cord and 
the urophysis were taken out and immediately 
fixed in Bouin’s fluid for hematoxylin and eosin 
staining or fixed in Bouin’s fluid without acetic acid 
for immunohistochemistry, for 16 to 24 hr in both 
cases. The tissues were dehydrated through a 
series of ethanols, cleared in benzol, embedded in 
paraffin and cut into sagittal sections 10 ~m thick. 
To compare localization of CRF/UI-immunoreac- 
tivity with that of UII-immunoreactivity, adjacent 
serial sections were stained immunohistochemical- 
ly using antiserum to either CRF or UII. 

Prior to immunohistochemistry, neurosecretory 
cells were localized by hematoxylin and eosin 
staining in the caudal spinal cord of the carp. For 
immunohistochemistry, antiserum to goby UII [6] 
and antiserum to ovine CRF [7], that cross-reacts 
with UI in the carp (Cyprinus carpio), were used. 
The sections were deparaffinized and treated 
according to the peroxidase-anti-peroxidase (PAP) 
method of Sternberger ef al. [8]. Sections were 
incubated in 0.3% H,O, for lhr followed by 
immersion in 0.3% Triton X-phosphate-buffered 
saline (PBS) [9] for 15 min and incubation in UII 
antiserum (working dilution 1: 1,600) for 24—36 hr 
at 4°C. The sections were then washed in 0.3% 
Triton X-PBS for 30 min and incubated in goat 
anti-rabbit IgG serum (1: 200; Polysciences, Inc.) 
for lhr at room temperature. Thereafter, they 
were washed in 0.3% Triton X-PBS for 30 min and 
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incubated in PAP complex (1: 200; Dako Corp.) 
for 1 hr at room temperature. The sections were 
washed in 0.3% Triton X-PBS for 30 min, soaked 
in 0.02% 3,3’-diaminobenzidine containing 
0.006% H>O, for 15 min. 

The specificity of the immunoreactivity was 
checked by conventional staining controls, accord- 
ing to the method of Sternberger et al. [8]. Two 
absorption tests were carried out, one for CRF 
antiserum using synthetic ovine CRF (20 ug/ml 


diluted antiserum), and the other for UII anti- 
serum using synthetic UII-@ of the carp (0.1, 1, 10 
yg/ml diluted antiserum) and synthetic UII of the 
goby (20 ug/ml diluted antiserum). 


RESULTS AND DISCUSSION 


CRF/UI- and UIJ-immunoreactivity was com- 
pletely abolished by incubating each antiserum 
with synthetic ovine CRF or UII. Controls, in 


Fic. 1. 

in Fig. 2. Scale, 50 um. 
EG. 2: 

immunoreactive. Scale, 50 um. 
BIGaS: 


Both neurons a and b were UIIJ-immunoreactive. The same neurons are shown 
Neuron a was CRF/UI-immunoreactive, but neuron b was not CRE/UI- 


Neuron a was not UlIIJ-immunoreactive, but neurons b and c were UII- 


immunoreactive. The same neurons are shown in Fig. 4. Scale, 50 um. 
Fic. 4. Neuron a was CRF/UI-immunoreactive, but neurons b and c were not 


CRF/UI-immunoreactive. Scale, 50 um. 


Fic. 5.CRF-immunoreactive substance (IS) densely accumulated around capillaries (C) 
in the carp urophysis. S, small CRF-immunoreactive cells. Scale, 100 um. 
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which individual steps in the PAP method were 
omitted, showed no immunostaining. When the 
primary antisera were replaced by normal rabbit 
serum, no immunostaining was exhibited. Thus, 
antisera to CRF and UII appeared specific within 
the parameters tested. 

The neurosecretory neurons (Figs. 1—4) and the 
urophysis (Fig. 5) of the carp were immunoreac- 
tive to antisera to CRF and UII. Three types of 
neurons were identified: neurons with CRF/UI-im- 
munoreactivity, neurons with UII-immunoreac- 
tivity and neurons with both CRF/UI and UII-im- 
munoreactivities, although neurons of each type 
showed varied intensity of immunoreaction (Figs. 
1-4). The majority of caudal neurosecretory 
neurons was immunoreactive to anti-UII serum in 
the carp. However, in the dogfish, Triakis scyllia, 
the number of neurons containing both CRF/UI 
and UII exceeded that of UlII-containing neurons 
[10]. 

The localization of CRF/UI-immunoreactivity 
[11] and that of UII-immunoreactivity [6, 12] have 
been described in the caudal neurosecretory sys- 
tem of teleosts. But in these studies, coexistence 
of CRF/UI- and UI]-immunoreactivity in the same 
neurons was not examined. 

Fisher et al. [13] described that all the neuro- 
secretory neurons were reactive to UI antiserum in 
the white sucker, Catostomus commersoni, and so 
cast doubt upon the notion of two populations of 
neurons, producing UI and UII, respectively. 
Later, colocalization of UI and UII was reported 
by Ishimura and Lederis [14] in the same neurons 
in the white sucker. However, they did not discuss 
the question of separate cell types. Larson et al. 
[15] and Bern et al. [16] reported that in the goby, 
Gillichthys mirabilis, there were at least two types 
of neurons: neurons with both CRF/UI- and UII- 
immunoreactivities and neurons with CRF/UI-im- 
munoreactivity only, and that the number of the 
former exceeded the latter. In the carp, however, 
we observed that there were three types of neurons 
and that the majority of neurosecretory neurons 
was Ull-immunoreactive. The differences in num- 
ber and population of neuron types between the 
goby and the carp may be due to species differ- 
ence. 

Although two and three types of neurons could 


be identified in the goby [15, 16] and the carp 
(present study), respectively, it is also possible that 
all caudal neurosecretory neurons produce both 
CRF/UI and UII and that neurons which show 
either CRF/UI- or UII-immunoreactivity may not 
contain an immunohistochemically sufficient 
amount of the other urotensin type [17]. 
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Lepocreadium kamegaii sp. n. (Trematoda: Lepocreadiidae), 
a New Parasite of Marine Fishes from Moroiso Bay, 
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ABSTRACT—Lepocreadium kamegaii sp. n. (Tremat- 
oda: Lepocreadiidae) is described from the intestine of 
the marine fishes, Rudarius ercodes (type host) and 
Stephanolepis cirrhifer (Monacanthidae), from Moroiso 
Bay, Misaki, Kanagawa Prefecture, on the Pacific coast 
of central Japan. This species is most closely allied to L. 
clavatum (Ozaki, 1932) Yamaguti, 1938, but distin- 
guished from it by having the plug-like organ in the male 
duct, elongated and bipartite pars prostatica, genital 
pore being sinistrolateral to the ventral sucker and more 
lobed ovary and by lacking the crescent bulb-like muscu- 
lar thickening at the opening of the metraterm. 


This paper deals with a new lepocreadiid trema- 
tode. Marine fishes were collected at the Zostera 
bed in Moroiso Bay, Misaki, Kanagawa Prefec- 
ture, on the Pacific coast of central Japan, and 
examined fresh for parasites at the Misaki Marine 
Biological Station of the University of Tokyo, 
Misaki, several times from October 1977 to July 
1983. Some hundred mature and immature worms 
of the trematode were obtained, flattened, fixed in 
Schaudinn’s solution or AFA, stained with 
Heidenhain’s iron hematoxylin or alum carmine 
and mounted in Canada balsam. They are depos- 
ited in the collection of the National Science 
Museum, Tokyo. Some related specimens which 
were borrowed from the collection of the Meguro 
Parasitological Museum, Tokyo, and kindly given 
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us by Dr. Shigeru Shimura were also studied. 


Family Lepocreadiidae 
Genus Lepocreadium Stossich, 1903 
Lepocreadium kamegaii sp. n. 
(Figs. 1-4) 


Hosts: Rudarius ercodes (type host) and 
Stephanolepis cirrhifer (Monacanthidae). 

Site of infection : Intestine. 

Locality: Moroiso Bay, Misaki, Kanagawa 
Prefecture. 

Specimens : NSMT-PI 2838 (holotype from R. 
ercodes); 2650, 2837-2839 and 2841 (9 paratypes 
from R. ercodes); 2650, 2837, 2840 and 2842-2852 
(177 other specimens from R. ercodes); and 2853 
and 2854 (3 specimens from S. cirrhifer). 

Description (based mainly on holotype and para- 
types): Body oval, spinose, 1.50—2.40 mm long by 
0.84-1.10 mm wide at equatorial level; forebody 
0.60-0.80 mm long, 33-44% of total body length. 
Eye spot pigments scattered in forebody. Oral 
sucker almost ventral, 0.20-0.28mm long by 
0.21—0.30 mm wide. Prepharynx present. Pharynx 
globular, 0.16-0.20 mm long by 0.19-0.27mm 
wide, with well-developed circular muscle layer 
and indented anterior border. Esophagus very 
short, 0.02—0.06mm long, bifurcating between 
suckers. Intestines thick, straight, terminating 
blindly near posterior end of body. Ventral sucker 
at about anterior third of body, 0.19—0.27 mm long 
by 0.23-0.30 mm wide, usually slightly larger than 
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Fics. 1-4. Lepocreadium kamegaii sp. n. 
Fic. 1. Entire worm, holotype, ventral view. 
view. 


complex, another paratype, dorsal view. 


Scale barse. 1 —O0mm 2 4 — 0 imme 


oral sucker; sucker width ratio 1: 0.92-1.11. 
Testes rounded, entire, oblique, close together 
in anterior part of posterior third of body, 
0.18—0.35 mm long by 0.16—0.24 mm wide. Cirrus 
pouch extending posterior to ventral sucker, 
0.31—-0.47 mm long by 0.08—0.12 mm wide; inter- 
nal seminal vesicle oval, 0.05—0.09 mm in diame- 
ter; pars prostatica V- or S-shaped, divided into 
two (proximal and distal) portions; prostate cells 
weakly formed, included in cirrus pouch; a short 
sheath-like duct (or ejaculatory duct?) present 


Fic. 2. Male terminal genitalia, holotype, ventral 
Fic. 3. Plug-like organ in the male duct, a paratype, ventral view. 


Fic. 4. Ovarian 


3=0.05 mm. 


between pars prostatica and cirrus; a plug-like 
organ present in sheath-like duct, very rarely 
absent, somewhat flattened, directed anteriad, 
connected to internal wall of posterior end of 
sheath-like duct by a short thread, usually longer 
than sheath-like duct, 0.042—0.058 mm long; cirrus 
unspined, long, winding, protrusible. External 
seminal vesicle elongated, a little longer than 
internal seminal vesicle. Genital atrium not seen; 
genital pore almost sinistrolateral to ventral 
sucker. 


Lepocreadium kamegaii sp. n. 819 


Ovary possessing many (about 10 or more) 
bud-like lobes, medial, pretesticular, 0.12—0.27 
mm long by 0.12—0.23 mm wide. Ootype dorsal to 
ovary; Mehlis’ gland weakly developed. Seminal 
receptacle located between anterior testis and left 
intestine, 0.08—0.25mm long by 0.06—0.17 mm 
wide. Laurer’s canal running posteriad between 
anterior testis and seminal receptacle. Uterus con- 
voluted in space encircled by intestines, anterior 
testis and ventral sucker; metraterm well-formed, 
devoid of crescent bulb-like muscular thickening at 
opening, 0.20-0.47mm long by 0.05—0.09 mm 
wide. Eggs not embryonated, 54—78 by 35-46 um 
in balsam. Vitelline follicles small, filling lateral 
fields of body, continuous behind testes, distrib- 
uted anteriorly to pharyngeal level, may or may 
not be confluent around ventral sucker. Excretory 
vesicle tubular, reaching to midlevel of ventral 
sucker; excretory pore posteroterminal. 

Discussion: Lepocreadium kamegaii sp. n. is 
most closely allied to L. clavatum (Ozaki, 1932) 
Yamaguti, 1938, in morphology and host species. 
Ozaki [1] described L. clavatum first as Lepotrema 
clavatum from Monacanthus cirrhifer |=Stepha- 
nolepis c.| from Otaru southward Nagasaki. Lat- 
er, Yamaguti [2] transferred it from Lepotrema 
Ozaki, 1932, to Lepocreadium Stossich, 1903. He 
also recorded it from M. cirrhifer from the Inland 
Sea, Cantherines unicornu |= Navodon modestus| 
(Monacanthidae) from the Pacific coast of Mie 
Prefecture and Pseudorhombus cinnamomeus [sic] 
[=P. cinnamoneus| (Paralichthyidae) from the 
Inland Sea in 1934 [3]; from M. cirrhifer and C. 
unicornu (locality not indicated) in 1938 [2]; and 
from Melichthys vidua (Monacanthidae) from 
Hawaii in 1970 [4]. We reexamined his specimens 
of L. clavatum to compare them with the present 
ones: 2 gravid specimens (MPM Coll. No. 22163) 
from C. unicornu [at Kuki] [3]; 4 mature speci- 
mens (MPM Coll. No. 22386) from C. unicornu [at 
Tarumi] [2]; and 12 specimens (MPM Coll. No. 
15096) from M. vidua [4]. The present new species 


differs from L. clavatum in having the plug-like 
organ of unknown function in the male duct, 
elongated and bipartite instead of spherical and 
entire pars prostatica, genital pore being sinistro- 
lateral instead of anterolateral to the ventral suck- 
er and more lobed ovary and in lacking the cres- 
cent bulb-like muscular thickening at the opening 
of the metraterm. By the way, it may be worth 
referring to Yamaguti’s Hawaiian specimens. 
They did resemble the other Japanese ones. 
However, they are said to have the prostate cells 
massing together outside of the cirrus pouch [4]. 
Our reexamination failed to confirm this, because 
they were poorly stained. If Yamaguti [4] is cor- 
rect in observation, they cannot belong at least to 
the genus Lepocreadium: In this genus, the pros- 
tate cells are present only in the cirrus pouch. Ten 
adult worms (NSMT-PI 2855) found by Dr. S. 
Shimura in the intestine of R. ercodes in Moroiso 
Bay on May 29, 1980, also are assigned to the 
present new species. The name kamegaii is in 
honor of Dr. Satoru Kamegai, the Founder and 
Director of the Meguro Parasitological Museum, 
Tokyo. 
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Erratum 


In the article by Komukal, M., A. Fustwara, I. YAsuMASU and K. Asami, entitled ‘Inhibitory Effect of 
Some Anti-inflammatory Compounds on Respiration of the Sea Urchin Eggs Activated by Sperm or by 
Melittin’, which was published in Vol. 2, No. 4, pp. 497-504, 1985, Figure 3 (p. 499) and Figure 4 (p. 500) 
were incorrectly placed. The corrected placement is reprinted below. Subscribers may cut out the 
corrected figures and paste them over the incorrect versions in their copies of the Journal. 
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Fic. 3. Effect of indomethacin on the respiration Fic. 4. Effect of indomethacin on the respiration of 


At time 0, melittin the eggs at fertilization (pH 8.0). At time zero 


activated by melittin at pH 8. 
sperm was added and at 2 min before insemination 


(final concentration of 4.7 ~M) was added. When 


indicated, indomethacin or NaCN was added 2 indomethacin or NaCN was added as indicated. 
and 4min before adding melittin, respectively. A, none; B, 67 ~M indomethacin; C, 1mM 
a, 1 mM NaCN-+67 uM indomethacin; b, none NaCN; and D, 330 ~M indomethacin. 


(melittin alone); c, 67 ~M indomethacin; d, 330 
uM indomethacin; e, 1 mM NaCN+330 «uM 
indomethacin; f, 1mM NaCn. 


mene 


sae ft aural win’ : A: bay 


\ i 
d 
7, 
' 
A 
i) 
a 
2 
i 
too 
t —) 
H = 
4 - 
‘ er ae 
- rcp, 


= ‘ , we a 


-? — 


a 0k _ os | ca biel 


TI0o bats i be 


( Frey 


{ 7 3 t htt TO} ty 
<i : : 
‘ { is + ris ‘ 
var 
¢ e i saa i II. 
j Ole) Oi Eat th 
1 
: prety e 
I 3p ¥ - 
" 
, 
c 
i. f 
aE } A” 2 Wo ; ‘ 
J : Y ‘ ps 
) ie, - +e 
"er ®»  airbemeabarMe 40 20) ae 
; faa 
= out ryift mis anien 


TOMY 


MICRO HIGH SPEED REFRIGERATED CENTRIFUGE 


MR-15A 


HIGH-SPEED, FUR QE Wile 
CENTRIFUGE FOF Sel em £6) Bo.) 
SAMPLES, WITH ‘Hagel a7 Wier: 


# 


Quick 
STOP 


1| Integrated with a Re- S Quick Start / Quick 
frigerator Stop 


® 


La «r 


High Quality | | G Easy Operation 


N 


@) 


Maximizing Floor : @ Convenient Drain 
Space Utilization Trap 
WSPECIFICATION 
Max. Speed 15,000rpm 
Max. Centrifugal Force 
@l Safe Design 15,860 x G 


TOMY SEIKO 
CO.,LTD. 


2-12, Asahi-cho 2-chome, Nerima-ku, 
Tokyo 176 Japan 
Telephone:(03)976-3111 

Telex: 02723111 TOMYCO J 


AN 


MC-300 
SCT4BD 
SCT4BD 
SCT4BE 


Besides Analytical and Prepara- Description 
tive Ultracentrifuges, Hitachi SEESOEE 

Koki, a comprehensive centrifuge SCR20BA | 300 ~ 20,000 
manufacturer, brings you a com- = S002 Seon 
plete line of High Speed Refrig- 20PR-52D | 300 ~ 20,000 
erated Centrifuges, Table-Top SCR7B 


: 0.0 SCR7BC 7,000 
Centrifuges and Miniature Cen- SCR7BA 


trifuges with wide-ranging O5PR-22 300 ~ 5,000 Compact type for biochemistry 
O5PR-2 5,000 Low cost type 


speeds, capacities and tubes/ SIGE GIS Se 


bottles versatility for your sciseu 4,000 
site D CT4BE 
clinical laboratory routine as well SCRISEIal IGOR IEIGOO 


as basic research. Mc-200 
MC-201 


MC-202 
MC-300 430 ~ 2,800 Cell washing 


HITACHI Refrigerated/ 
anit Table-Top/Miniature Centrifuges | 


Automatic with built-in 
microprocessor control, Digital version 


Automatic control, 
Analog version 


High speed 


Floor type 
Refrigerated 


Large capacity, multi-place type 


Low speed 


For clinical Automatic control 


laboratory test 3 : 5 
y Automatic with microprocessor 


control 


: Exclusive 
Hematoerit 


Table-top type 


Dual purpose 


© Nissei SangyoCo..td. © Hitachi Koki Co.,Ltd. 


Instrument International Dept. 


Mori 17th Bldg., 26-5 Toranomon 
1-chome, Minato-ku, Tokyo 105, Japan 
C.P.O. Box: 1316, Tokyo 100-91, Japan 

Phone: 03-504-7282 Telex: J 22412 NISSEICOA 


(Contents continued from back cover) 


Environmental Biology 


Endo, K. and Y. Murakami: Photo- 
periodic control of the determination of 
three different seasonal phenomena of the 
swallowtail butterfly, Papilio xuthus L. .....755 


Taxonomy 


Hashimoto, H.: Medusa of fresh-water hy- 
droid, Astrohydra japonica Hashimoto ..... 761 


Tsurusaki, N.: Geographic variation’ of 
chromosomes and external morphology in 
the montanum-subgroup of the Leiobunum 
curvipalpe-group (Arachnida, Opiliones, 


Phalangiidae) with special reference to its 
presumable process of raciation ............ 767 


Shokita, S.:_ Larval development of the 
palaemonid prawn, Macrobrachium grandi- 
manus (Randall), reared in the laboratory, 
with special reference to larval dispersal ....785 


Shimazu, T. and K. Nagasawa: Lepocreadium 
kamegait sp. n. (Trematoda: Lepoc- 
readiidae), a new parasite of marine fishes 
from Moroiso Bay, Misaki, Kanagawa Pre- 
fecture, Japan (COMMUNICATION) ........ 817 


CES 2 7 leat EE Se gta a Piet Soo a eae a §21 


ZOOLOGICAL SCIENCE 


VOLUME 2 NUMBER 5 


OCTOBER 1985 


CONTENTS 
REVIEWS Developmental Biology 
Morisawa, M.: Initiation mechanism of sperm Brusle, S.: Fine structure of oocytes and their 
motility at spawning in teleosts ............. 605 envelopes in Chelon labrosus and Liza au- 


Yamanouchi, K., A. Matsumoto and Y. 
Arai: Neural and hormonal control of 
lordosis behaviorin the rat {25..2545..-5-.. 617 


ORIGINAL PAPERS 


Physiology 
Kanou, M. and T.Shimozawa: Responses of 
cricket leg motoneurons to air-current stim- 
uli: velocity dependent inhibition and 
acceleration dependent excitation .......... 629 


Nagayama, T. and M. Hisada: Crayfish local 
bilateral spiking interneurons: role in contra- 
lateral uropod motor pattern formation ..... 641 


Okada, Y. and K.S. Iwata: A substance in- 
hibiting rhythmic contraction of the gonad in 
the shedding sea urchin (COMMUNICA- 
TION aoe ba kk site es ee Oar 805 


Cell Biology 


Sasaki, F., T. Kinoshita and H. Takahama: 
Histochemical study of the operculum during 
metamorphosis in anuran tadpoles after ex- 


tipationor the torelimbias aes ee ee 653 
Biochemistry 
Okai, Y.: A bactericidal substance in insect 
hemolymph strongly suppresses _lectin- 
induced mammalian lymphocyte DNA syn- 
CHCSISS Sets. oss Meats oy nee 663 
Immunology 


Tachi, S., C. Tachi and A. Knyszynski: 
Mechanisms underlying regulation of local 
immune responses in the uterus during early 
gestation of eutherian mammals. II. Elec- 
tron microscopic studies in the interactions 
between blastocysts and macrophages cul- 
tuneditoge therm VitrOnseres 1. cat eer 671 


Issued on October 15 


rata (Teleostei, Mugilidae) ................. 681 


Kanamori, A., Y. Nagahama and N. Egami: 
Development of the tissue architecture in the 
gonads of the medaka Oryzias latipes ....... 695 


Sawai, T.: Microscopic observation of sur- 
face relaxation and contraction waves in 
elongated eggs of the newt during cleavage . . 707 


Kurabuchi, S., K. Fujikura and S. Inoue: 
Limb regenerative capacity of Japanese frogs 
in the family Rhacophoridae ............... 713 


Tanaka, M.: Physiological changes during 
development of the ovoviviparous fresh- 
water snail, Sinotaia quadratus historica ....723 


Terada, M.: On the larval development of 
Parthenope (Platylambrus) valida De Haan 
(Brachyura, Parthenopinae)) 2.2 eesseee eee 731 


Endocrinology 


Kawamura, K.: Identification of acid muco- 
polysaccharides in summer cells in adrenal 
glands of the frog Rana catesbeiana ......... Tag 


Suzuki, Y. and Y. Arai: Androgenic regula- 
tion of neuron number in the developing 
hypogastric ganglion of mice (COMMUNICA- 
TION) ..:...0.0-0)0). 982) eee 809 


Yamada, C., K. Owada and H. Kobayashi: 
Colocalization of corticotropin-releasing fac- 
tor/urotensin I and urotensin II in the caudal 
neurosecretory neurons in the carp, Cypri- 
nus carpio (COMMUNICATION) ........... 813 


Behavior Biology 
Ooka-Souda, S., H. Kabasawa and S. Kino- 
shita: Circadian rhythms in locomotor activ- 
ity in the hagfish, Eptatretus burgeri, and 
the effect of reversal of light-dark cycle ..... 749 


(Contents continued on inside back cover) 


Printed by Daigaku Letterpress Co., Ltd., Hiroshima, Japan 


OLOGICAL SCIENCE 


nuation of the “Zoological Magazine” and the “Annotationes Zoologicae Japonenses— 


ZOOLOGICAL SCIENCE 


The Official Journal of the Zoological Society of Japan 


Editor-in-Chief: The Zoological Society of Japan: 
Nobuo Egami (Tsukuba) Toshin-building, Hongo 2—27-2, Bunkyo-ku, 
Managing Editor: Tokyo 113, Japan. (03)-814-5675 
Seiichiro Kawashima (Hiroshima) Officers: 
Associate Editor: President: Hideshi Kobayashi (Funabashi) 
Koscak Maruyama (Chiba) Secretary: Yasuto Tonegawa (Urawa) 
Assistant Editors: Treasurer: Tadakazu Ohoka (Tokyo) 
Takeo Machida (Hiroshima) Librarian: Shun-Ichi Uéno (Tokyo) 


Kazuyoshi Tsutsui (Hiroshima) 


Editorial Board: 


Howard A. Bern (Berkeley, endocrinology) Aubrey Gorbman (Seattle, endocrinology) 

Robert B. Hill (Kingston, physiology) Yukio Hiramoto (Tokyo, cell physiology) 

Susumu Ishii (Tokyo, endocrinology) Yukiaki Kuroda (Mishima, cell genetics) 
Hiromichi Morita (Fukuoka, sensory physiology) Tokindo S. Okada (Okazaki, developmental biology) 
Andreas Oksche (Giessen, neuroanatomy) Hidemi Sato (Nagoya, cell biology) 

Koichi Sekiguchi (Tsukuba, phylogeny) Mayumi Yamada (Sapporo, systematic zoology) 


Ryuzo Yanagimachi (Honolulu, reproductive biology) 


ZOOLOGICAL SCIENCE is devoted to publication of original articles, reviews and communications 
in the broad field of Zoology. The journal was founded in 1984 as a result of unification of Zoological 
Magazine (1888-1983) and Annotationes Zoologicae Japonenses (1897-1983), the former official journals 
of the Zoological Society of Japan. ZOOLOGICAL SCIENCE appears bimonthly. An annual volume 
consists of six numbers of about 1000 pages including an issue containing abstracts of papers presented 
at the annual meeting of the Zoological Society of Japan. 


MANUSCRIPTS OFFERED FOR CONSIDERATION AND CORRESPONDENCE CONCERN- 
ING EDITORIAL MATTERS should be sent to: 
Dr. Seiichiro KAWASHIMA, Managing Editor, Zoological Science, Zoological Institute, Faculty 
of Science, Hiroshima University, 1-1-89 Higashisenda-machi, Naka-ku, Hiroshima 730, Japan, 
in accordance with the instructions to authors which appear in the first issue of each volume. 
Copies of instructions to authors will be sent upon request. 


SUBSCRIPTIONS. ZOOLOGICAL SCIENCE is distributed free of charge to the members, both 
domestic and foreign, of the Zoological Society of Japan. To non-member subscribers within Japan, 
it is distributed by Business Center for Academic Societies Japan, 6-16-3 Hongo, Bunkyo-ku, Tokyo 
113. Subscriptions outside Japan should be ordered from the sole agent, VNU Science Press BV, Park 
Voorn 4, 3454 JR De Meern, P. O. Box 2073, 3500 GB Utrecht, The Netherlands. Subscription rates 
will be provided on request to these agents. New subscriptions and renewals begin with the first 
issue of the current volume. 


All rights reserved. No part of this publication may be reproduced or stored in a retrieval system in 
any form or by any means, without permission in writing from the copyright holder. 
© Copyright 1985, The Zoological Society of Japan 


| Publication of Zoological Science has been supported in part by a Grant-in-Aid for | 
Scientific Publication from the Ministry of Education, Science and Culture, Japan. 


ZOOLOGICAL SCIENCE 2: 823-831 (1985) 


© 1985 Zoological Society of Japan 


REVIEW 


Genes Controlling Intercellular Communication during 
Melanocyte Differentiation in the Mouse 


TAKUJI TAKEUCHI 


Biological Institute, Tohoku University, Aoba-yama, Sendai 950, Japan 


INTRODUCTION 


In multicellular organisms, cell differentiation 
seems to occur as the result of intercellular interac- 
tions in many instances. Action of some genes 
might be involved in response to a signal exerted 
by other cells, leading to an alternate differentia- 
tion. Analysis of gene control on intercellular 
communication, however, has largely been lim- 
ited, probably because of the complex nature of 
intercellular interactions. Fortunately, however, 
some coat color mutations that affect melanocyte 
differentiation provide analytical tools for the 
studies on intercellular communication. The inter- 
cellular interaction occurs in the course of gene 
action during melanocyte differentiation associ- 
ated with hair pattern formation in the mouse. 


AGOUTI HAIR PATTERN 


In wild-type mice, melanocytes located in hair 
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follicles produce black pigment, eumelanin, at the 
beginning of hair growth. They subsequently pro- 
duce yellow pigment, pheomelanin and finally 
produce eumelanin. Therefore, their hair is char- 
acterized by a subterminal band of yellow, with the 
rest of it showing black or brown color, since 
melanin granules (melanosomes) formed in 
melanocytes are constantly transferred to hair 
keratinocytes. This characteristic is called agouti 
pattern and is known to be contolled by the A 
allele, wild type allele at the a locus. 

Both eumelanin and pheomelanin are known to 
be derived from a common precursor, tyrosine, 
which is converted to dopa (3, 4-dihydroxy- 
phenylalanine) and subsequently to dopaquinone 
by the action of tyrosinase (Fig. 1). The enzyme is 
synthesized and functions only in melanocytes and 
is considered to be the key enzyme in melanogene- 
sis. Eumelanin is formed through polymerization 
of indole-5, 6-quinone which is considered to be 
derived nonenzymatically from dopaquinone via 


Pheomelanin 


1,4-Benzothiazine metabolites 


io 


as 


™e 
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Fic. 1. Pathways of melanin synthesis in mammalian melanocyte. 
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some intermediates, though the presence of some cysteinyldopa which are derived from dopa- 
conversion factors has been reported [1]. Pheomel- quinone [2]. It is not known at present whether 
anin is a polymer of 5-S-cysteinyldopa and 2-S- biosynthesis of cysteinyldopa involves any other 


GE a 


Fic.2. Schematic outline of melanosome formation in eumelanogenesis and 
pheomelanogenesis. EM, eumelanosome; ER, endoplasmic reticulum; G, Golgi 
complex; GE, GERL (Golgi-associated ER-lysosome); PM, pheomelanosome. 


Fic. 3. 


Cytochemical dopa reaction of a mouse melanocyte. The reaction products are deposited in GERL and 


microvesicles. G, Golgi complex; GE, GERL; M, melanosome; MI, mitochondrion; N, nucleus; V, 
microvesicle. 35,000. 


Gene Control on Intercellular Communication 825 


enzymatic action although it can be formed nonen- 
zymatically in vitro [3]. 

On the other hand, melanin is formed in a 
specific organelle, melanosome, which develops as 
a conjugated structure between ER-derived vesicle 
and microvesicles from GERL (Golgi-associated- 
ER-lysosomes) (Fig. 2) [4-6]. The latter vesicles 
are considered to carry tyrosinase (Fig. 3) [7]. 
Melanosomes containing eumelanin are called 
eumelanosomes and are characterized by striated 
longitudinal matrix in their ovoid-shaped en- 
velope, while those containing pheomelanin are 
designated pheomelanosomes, and are character- 
ized by their spherical-shaped multivesicular struc- 
tures. 

A question arises as to whether the shift be- 
tween the two pathways of melanin formation 
occurs within the single melanocyte or whether 
melanoblasts differentiate into eumelanin-forming 
melanocytes and pheomelanin-forming melano- 
cytes. Sakurai et al. [8] made an electronmicro- 
scopic observation on hair follicles at the tran- 
sitional phase of the two types of melanogenesis 
and found that the melanocytes contained both 
eumelanosomes and pheomelanosomes at the 
transitional phase in the agouti pattern formation. 
This result seems to indicate that the shift between 
the two pathways of melanin formation occurs 
within each single cell. 


GENETIC SUBSTITUTIONS AND THE 
EXPRESSION OF MELANOCYTE 


Expression of agouti pattern formation is altered 
by genetic substitutions at the a (agouti) locus and 
the e (extension) locus. Animals heterozygous for 
A” (lethal yellow) allele (A’/A or A’/a) exhibit 
yellow coat color, while animals homozygous for a 
allele produce solely black hair except on ear and 
tail (Fig. 4). In these melanocytes only one type of 
melanin is synthesized: either eumelanin or 
pheomelanin. On the other hand, homozygous 
A®/A*® embryos display characteristic abnormalities 
at the morula or blastocyst stage and die before 
implantation [9]. There are some other alleles at 
the a locus which exhibit intermediate characteris- 
tics between the two extremes, A’ and a. There- 
fore, it seems likely that the a locus controls a 


black 
Hair patterns of various genotypes. 


yellow 


Fic. 4. 


mechanism which determines the type of melanin 
synthesized in the melanocytes. 

On the other hand, mice homozygous for the e 
(recessive yellow) allele at the e locus exhibits 
yellow coat color like lethal yellow though the 
body weight is lighter than the latter. Their eyes 
are black. Electron microscopic observation re- 
veals the presence of pheomelanosomes in the 
hair-bulb melanocytes (Takeuchi, unpublished). 


SITE OF GENE ACTION 


As to the mode of function of the agouti locus, 
Silvers and Russell [10] have clearly demonstrated 
that the genes at the a locus act via the follicular 
environment. They grafted intensely pigmented 
black mice of the genotype a/a, C/c® shortly after 
birth with neonatal skin from albino mice of the 
genotype A’/a, c/c*, and found some intensely 
colored yellow hairs among the non-pigmented 
hairs within the border of the graft (Fig. 5). In this 
particular transplantation, melanocytes of the 
host, which were originally synthesizing eumela- 
nin, invaded into the grafted skin which possessed 
the lethal yellow gene and began pheomela- 
nogenesis. Similar results were obtained in the 
reciprocal transplantation. These observations led 
them to a hypothesis that the kind of melanin 
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the a locus in the mouse. Black melanocytes invade 
from host skin (a/a) into graft (A’/a) and become 
pheomelanic melanocytes. a, preexisting albino 
melanocytes; b, hair bulb; e, epidermis; f, hair 
follicles; h, hair shaft; m, melanocytes. 


synthesized by the invading cells is not determined 
by the genotype of melanocytes but by the genetic 
constitution of the receiving hair follicles. That is 
to say that the genes at the agouti locus produce 
the effect by determining follicular milieu. 

In the past decade, extensive studies to pinpoint 
the site of the action of the a locus have been 
carried out by recombination experiments between 
epidermis and dermis with different genotypes [11, 
12]. Most results of these lines of research to date 
have suggested that the site of the gene action of 
the a locus is the dermis probably of the hair 
follicle. In some experiments, however, a’ allele 
was shown to act via dermal as well as epidermal 
components of the skin to induce pheomelanin 
formation. 

There is another locus, e, which mutant allele 
also leads to pheomelanin synthesis [13]. In e/e 
mice, pheomelanin synthesis is limited in_hair- 
follicle, while the melanocytes in the retina, cho- 
roid and dermis contain eumelanin [13]. In order 
to determine the site of action of the e locus, 
Lamoreaux and Mayer [13] performed a recom- 


bination experiment in which grafts composed of 
9-day-old neural tube, including neural crest cells 
and 11-day neural crest-free embryonic skin were 
explanted in the coelom of the chick. When a/a, 
e/e neural tubes were grafted with a/a, E/E skin, 
the hairs of differentiated grafts were pigmented 
yellow, while a/a, e/e skin combined with a/a, E/E 
neural tube produced black hair. Poole and 
Silvers [14] obtained essentially the similar result 
in their dermal-epidermal combination experi- 
ment. Therefore, it is considered that, in contrast 
to the case of genes at the a locus, e gene acts 
autonomously within the melanocytes. However, 
it must be noted that the melanocytes with the 
genotype e/e produce pheomelanin only in the hair 
follicles. 


THE EFFECT OF MSH ON 
PHEOMELANOGENESIS IN 
VIVO AND IN VITRO 


Geschwind and Huseby [15] found that a single 
hybrid mouse (C3H X A) fed with a diet containing 
stilbestrol for 11 months in order to produce 
mammary tumor was found to be much darker 
than normal. At necropsy they found a pituitary 
tumor which, upon transplantation into agouti 
mice, also produced darkening. Microscopic 
observation of dorsal hair from darkened animals 
revealed that the subterminal yellow band had 
been obliterated. Based on an assumption that the 
darkening was induced by a-MSH (melanocyte 
stimulating hormone), they injected mice of vari- 
ous genotypes with a-MSH, and found alteration 
of the expression of the agouti locus. The striking 
effect found was conversion of pheomelanic type 
to that of eumelanic [16, 17]. In the A’/a mouse 
whose hairs were plucked 5—8 days prior to the 
treatment, only intensely black hairs emerged. In 
contrast, MSH had no effect on animals homozy- 
gous for either brown (b), dilute (d) or pink eye 
(p). Besides, coloration of the recessive yellow 
(e/e) was completely unaltered by MSH adminis- 
tration. Geschwind and his colleague had empha- 
sized the relationship between tyrosinase activity 
and fine structure of melanosome, and also be- 
tween types of melanin formed in melanocyte and 
tyrosinase activity, 1.e. maximum tyrosinase acitiv- 
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ity upon a highly organized melanosome structure 
results in eumelanin formation. However, they 
did not argue about the precise mechanism of 
a-MSH in the conversion of melanogenesis. 

In order to examine the mode of action of the a 
locus, Takeuchi er al. [18] developed a simple 
organ culture method, called origami membrane 
filter culture. Briefly, skin explants from embryos 
or new-born mice were placed on a membrane 
filter which was folded and inserted into a glass 
capilary. It was then cultured in a tissue-culture 
tube containing F12 culture medium supplemented 
with a low concentration (2%) of fetal bovine 
serum. Then the tubes were placed in a rotating 
drum. By employing this culture method, it be- 
came possible to maintain pheomelanogenesis in 
vitro in skin explants with genotype A’/a [19]. 

Tamate and Takeuchi [19] examined the effect 
of a-MSH on the hair-follicle melanocytes of lethal 
yellow (A’/a) in vitro. In the control culture, 
pheomelanin was observed in most of the hair 
follicles. In contrast, the hair follicles of the a@- 
MSH (1 zg/ml)-treated explants were found to 
contain eumelanin (Fig. 6). The frequency of hair 
follicles with eumelanin markedly increased within 
12 hr after the a-MSH addition, and reached a 
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maximum of approximately 95% at 48 hr. 

The electron microscopic observations demon- 
strated that the shift in the color of the pigments 
produced was coupled with the shift in the fine 
structure of melanosomes. In the hair-follicle 
melanocytes of the @-MSH treated explants, 
eumelanosomes in addition to mature pheomel- 
anosomes were found together with irregular 
melanosomes which were considered to be mosaic 
type melanosomes consisted of eumelanic and 
pheomelanic components (Fig. 7). Therefore, it 
seemed probable that the shift from pheomela- 
nogenesis to eumelanogenesis occurred in each 
melanosome in the process of forming and depos- 
iting melanin. This observation also leads us to an 
assumption that the structure of melanosomes is 
not predetermined by the gene product of the a 
locus. 

Eumelanin formation was also induced in the 
hair-follicle melanocytes of the lethal yellow by 
treating the culture with cAMP (cyclic adenosine 
monophosphate) or DbcAMP (dibutyryl cAMP) 
(Fig. 8) [19]. This result seems to indicate that the 
induction of eumelanogenesis by @-MSH is medi- 
ated by cAMP in melanocytes. It is worth noting 
that the induction of eumelanin formation in the 
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Effect of a-MSH on the induction of eumelanin formation in vitro in two 


pheomelanic genotypes, A’/a and e/e. A combined data. 
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melanocytes of the lethal yellow in organ culture 
was blocked by either actinomycin D or cyclohex- 
imide treatment, suggesting the involvement of 
transcription and translation in the hormonal in- 
duction. Therefore, the authors assumed that the 
product of the agouti locus exerts its action by 
interacting a-MSH-cAMP system and that exess 
amount of a-MSH probably antagonizes the pro- 
duct at a-MSH receptor. 

Attention was also focused on the response to 
a-MSH of another pheomelanic mutant, e/e. 
Tamate and Takeuchi [20] cultured skin of new- 
born mouse of the recessive yellow and examined 
the effect of a-MSH and DbcAMP. In contrast to 
the case of the lethal yellow, eumelanogenesis was 
not induced by e«-MSH, whereas the skin explants 
exposed to DbcAMP were found to contain eumel- 
anin (Figs. 6 and 8). The results of our in vitro 
studies seem to indicate that the action of a-MSH 


Eumelanosomes found in A’/a melanocyte treated with a-MSH. E, eumelanosome; M, mosaic-type 
x 47,400. 


on the lethal-yellow melanocyte is mediated by 
cAMP as the second messenger and that the 
melanocyte of the recessive-yellow mice has a 
deficiency in response to a-MSH, though it is 
primarily capable of producing eumelanin. In 
other words, the e locus seems to control the 
functionability of a-MSH receptor. 

Based on the hypothesis that the e locus controls 
a mechanism involved in the @-MSH receptor, 
Takeuchi and Yamamoto (unpublished) examined 
the effect of forskolin which has been considered 
to be a potent activator of adenylate cyclase in the 
membrane. In the preliminary experiments, 
melanocytes of the lethal yellow were induced to 
form eumelanin, whereas in the recessive yellow 
mice, hair-follicle melanocytes formed only 
pheomelanin even in high concentration of fors- 
kolin (1.5X10°*M). Therefore, it seems that 
melanocytes with the genotype e/e exhibit defect in 
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Effect of DbcAMP on the induction of eumelanin formation in vitro in two 


pheomelanic genotypes, A’/a and e/e. A combined data. 


the function of a-MSH-adenylate cyclase system, 
i.e. the e locus controls a step of the transduction 
mechanism in a-MSH-adenylate cyclase system. 
Thus, as to the pheomelanogenesis in the mouse 
melanocytes, the author tentatively proposes the 
involvement of e-MSH receptor in the membrane 
of melanocytes (Fig. 9). If the products of A’ or A 
allele at the a locus is provided by follicle cells, 
they block the MSH receptor, resulting in a de- 
crease in CAMP level in the cells. However, the 
gene product, A factor, can be removed by the 
excess amount of a-MSH to increase the cAMP 
level in the cells. Melanocytes of the recessive 
yellow mice continue to produce pheomelanin 
because they have a deficiency in a function of 
a-MSH-adenylate cyclase system. 

In order to understand the whole picture of 
genetic control on melanotic expression in melano- 
cytes, there remain some surrounding problems 
that must be elucidated in addition to the problems 
related to the transduction of information signal 
from the gene product of the a locus to the site of 
melanogenesis. One of such problems would be 
regulation of the a locus. Cleffmann [21, 22] pro- 
posed that the banding of agouti hair was caused 
by the rate of hair growth, i.e. an elevated mitotic 
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Fic.9. A model that explains genetic control on 
pheomelanogenesis in the mouse. A and A’, alleles 
at the a locus; AC, adenylate cyclase; E, the 
wild-type allele of the e locus; MR, a-MSH 
(melanocyte stimulating hormone) receptor; N, 
nucleus. 


rate in the follicular matrix promoted the action of 
the A gene. As a matter of fact, the agouti band- 
ing could be altered by the treatment with mitotic 
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inhibitor during the period of pheomelanogenesis 
[23]. This notion, however, was dismissed by Gal- 
braith who found that genetically yellow hair folli- 
cles and genetically black hair follicles exhibited 
the same mitotic rate and that the rate of cell 
division is higher in the transitional phase from 
pheomelanin to eumelanin synthesis than in 
pheomelanin phase [24]. Therefore, the factor 
responsible for the initiation of action of the A 
gene may not be related to mitosis in hair follicles. 
The problem remains to be clarified. 

In respect to the regulation of the a locus, A® 
(agouti suppressor), an allele at the a locus, was 
once considered to be the operator site for the 
agouti structural gene, since it suppressed function 
of any allele at the a locus in cis position [25]. It 
has, however, turned out to be the outcome of an 
inversion in chromosome 2 [26]. Even so, A°® 
would be a useful tool as a position-effect to study 
the expression of the a locus. 

Another problem related to the expression of 
the a locus would be UV (short wave)-induced 
eumelanogenesis in pheomelanic melanocytes [27, 
28]. It should be emphasized that darkening of 
hair occurred in this circumstance not only limited 
to irradiated area of skin but also the surrounding 
areas. It is conceivable, therefore, that the irradi- 
ated epidermis exerts an information signal which 
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interacts with the information transfer from the a 
locus to melanocytes. Takeuchi et al. [27] have 
also demonstrated that UV-induced darkening was 
associated with a change in isozyme patterns (mul- 
tiple forms) of tyrosinase (Fig. 10). The site of 
action of UV irradiation would be one of the clues 
for the elucidation of the transduction of informa- 
tion between follicle cells (or epidermis) and 
melanocytes. 


SUMMARY 


Analysis of gene control on intercellular com- 
munication during cell differentiation in mul- 
ticellular organism has been limited probably be- 
cause of the complex nature of intercellular in- 
teraction. In the mouse some coat color mutations 
that affect melanocyte differentiation now provide 
analytical tool for the studies on the intercellular 
communication. Mouse melanocytes are capable 
of producing two types of melanin, eumelanin and 
pheomelanin. The a (agouti) locus is considered 
to control a mechanism which determines the types 
of melanin synthesized in the melanocyte, since 
alleles at this locus exhibit phenotypes between 
two extremes, eumelanic (a/a) and pheomelanic 
(A*/a). Evidences obtained so far indicate that the 
a locus exerts its action on melanocyte indirectly 
by modifying the local tissue environment. Based 
on the observation that a-MSH induces eumela- 
nogenesis in genotypically pheomelanic (A’/a) hair 
follicles, we assume that the product of the agouti 
locus interacts with a-MSH-cAMP system at the 
a-MSH receptor. On the other hand, mutation at 
the e (extension) locus also leads to pheomelanic 
phenotypes. Genes at the e locus are considered 
to act autonomously within the melanocytes, and 
are shown to control the functionability of a-MSH 
receptor. Therefore, functions of these two genes 
seem to be involved in the intercellular interac- 
tions which lead to the final expression in hair- 
follicle melanocytes in the mouse. 
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Changes in Myofibrillar Protein Isoform Expression 
during Chicken Skeletal Muscle Development 
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INTRODUCTION 


Contractile apparatus in vertebrate striated mus- 
cles, myofibril, has a highly organized, and stable 
structure, and both contractile and regulatory pro- 
teins, having different functions, are localized in 
the particular regions of this structure. Myosin, 
actin and several regulatory proteins like tropomy- 
osin and @-actinin, are also present in a variety of 
non-muscle cells [1-3], yet well-organized contrac- 
tile apparatus is present only in striated muscles. 
It is assumed that formation of myofibrillar struc- 
ture in skeletal muscles may be partly due to the 
intrinsic natures of contractile proteins themselves, 
namely myosin and actin, in skeletal muscles and 
partly due to the existence of regulatory proteins 
specific for striated muscles like C-protein. Many 
recent investigations have demonstrated that most 
of myofibrillar proteins exist in multiple isoforms 
and muscle protein isoform expression changes 
during development (see below). Therefore, for 
the understanding of the process of myofibril- 
logenesis, it is important to characterize precisely 
the types of muscle protein isoforms expressed 
during muscle development and how the expres- 
sion of various proteins are interrelated. In this 
article, the author will briefly review the recent 
observations on the transitions of muscle protein 
isoform expression during avian skeletal muscle 
development. 
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ALTERATION IN MUSCLE PROTEIN 
ISOFORM DURING EMBRYONIC AND 
POSTNATAL DEVELOPMENT 


In the past decade, an increasing number of 
evidence has accumulated that most of myofibrillar 
proteins changes during development of both 
avian and mammalian muscles. Generally speak- 
ing, the protein isoforms expressed in embryonic, 
neonatal and adult muscle tissues are different 
from each other. However, the isoform transitions 
of various proteins during development differ from 
each other with regard to the time period when the 
transition occurs and the pattern of the transition. 
Furthermore, the developmental transitions of 
protein isoform expression differ between birds 
and mammals and even among different mammals 
to some extent (e.g. [4]). Figure 1 summarizes the 
changes in various myofibrillar proteins during the 
development of chicken breast (pectoralis major) 
muscle. In young embryonic skeletal muscles, 
protein isoforms which are not present in the adult 
tissues are detected in addition to or in place of 
adult-type isoforms. 


A. Existence of non-muscle actin in embryonic 
skeletal muscles 


Before terminal differentiation, myogenic cells 
derived from mesodermal cells already contain 
actin and myosin of non-muscle-type [2, 5, 6] to 
form cytoskeletal structures as the other non- 
muscle tissues. It is of interest whether there is 
similarity in the costituents of contractile appa- 
ratus between non-muscle cells and developing 
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during embryonic and postnatal development of chicken breast muscle. See detailed 
explanations in the text. According to the following references: 7, 8, 9 and 23 ina), 18, 
48, 49, 50,51 and 52inb), 26, 37, 38, 39, 40, 41, 42 and 43 inc), 29, 36, 52, 53 and 54 in 
d), 56 and 58 in e) and 24, 25, 56, 57 and 60 in f). 


skeletal muscle. 

Significant amount of non-muscle-type actin has 
been detected also in young embryonic skeletal 
muscle [7, 8]. Two dimensional (2-D) polyacryl- 
amide gel electrophoresis (PAGE) revealed that 
two non-muscle type #- and Y-actins are expressed 
in embryonic muscle tissue in addition to striated 
muscle type @-actin. Smooth muscle 7Y-actin ex- 
hibits almost the same mobility as non-muscle 
Y-actin in O’Farrell’s 2-D PAGE, but they are 
distinguishable if we use SDS-acrylamide gel 
containing urea for second dimentional elec- 
trophoresis [7, 9]. The relative proportion of /- 
and 7Y-actins was estimated as 50% of the total 
actin in 10-day-old embryonic chicken pectoralis 
muscle [8]. Since #- and 7-actins are detectable in 
large quantity in myofibrillar fraction from 
embryonic muscle, these actins may be assembled 
into embryonic myofibrils. All the three actin iso- 
forms are also present in the soluble fraction of the 


embryonic muscle cells without polymerization, 
therefore, it is likely that some factor(s) which 
inhibits actin polymerization exists in the 
embryonic muscle tissue [9]. Non-muscle actins 
disappear from skeletal muscles at late embryonic 
stages. Expression of $- and 7Y-actins in develop- 
ing muscle cells was also observed in cultured 
muscle cells [10-13]. Major actin species express- 
ed in mononucleated myoblasts are #- and /- 
forms, and after cell fusion, synthesis of @-actin, 
which was recently characterized as cardiac-type 
a-actin [14], is enhanced (see, section C). Non- 
muscle-type isoforms of other proteins than actin 
has scarcely been detected in embryonic skeletal 
muscle. 


B. Smooth-muscle-type protein isoforms de- 
tected in embryonic skeletal muscle 


Katoh and Kubo [15] discovered a unique 
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myosin light chain in embryonic gizzard smooth 
muscle and demonstrated that the expression of 
this light chain is regulated during smooth muscle 
development. This light chain was further char- 
acterized by 2-D PAGE and its distribution in 
smooth muscle myosin isozymes by pyrophosphate 
acrylamide gel electrophoresis [16]; this particular 
light chain was designated L,; since its MW is 
approximately 23 kDa. This light chain may be 
identical with one of the myosin light chains in 
chicken brain, which was detected by Burrige and 
Bray [17], because they exhibit similarity in anti- 
genicity, molecular weight and isoelectric point. 
Recent investigation by Takano-Ohmuro er al. [18] 
has demonstrated that this unique light chain (L>3) 
is expressed in various muscle tissues including 
smooth muscle (gizzard and aorta), cardiac muscle 
(atrium and ventricle) and skeletal (pectoralis) 
muscle at early embryonic stages, but not in non- 
muscle tissues except for brain (Fig. 2). They 
detected this light chain in the myosin preparations 
from various sorces by 2-D PAGE and by im- 
munoblots using a monoclonal antibody (McAb) 
to fast skeletal myosin light chain (MT-185d) 
which cross-reacts with L,; [18]. Because of its 
wide distribution in embryonic muscle tissues, L53 
is regarded as an embryo-specific myosin light 
chain common to various muscles. The location of 
L,; in embryonic tissues has not yet been clarified. 
Myosin heavy chain of smooth muscle-type was 
not detected in the myosin preparation from the 
embryonic striated muscles which contain L; [18]. 
The chicken embryonic myosin light chain (L53) is 
different from a mammalian embryonic myosin 
light chain [19], which was later identified with 
atrium myosin light chain 1 [20] based on both 
molecular weight and isoelectric point. 

Endo and Masaki [21] demonstrated that 
smooth-muscle-type @-actinin is expressed in the 
cultures of embryonic chicken skeletal muscle in 
addition to skeletal-muscle-type q@-actinin, but 
these a-actinin variants are present in different 
subcellular structures in a cell. Since it has been 
suggested that muscle cells in culture and 
embryonic muscle cells share similar properties as 
judged by protein isoforms, it is suspected that 
embryonic skeletal muscles may also express 
smooth-muscle-type @-actinin. Riz-Opazo et al. 
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Fic. 2. Comparison of myosin light chains (MLC) de- 
tectable in embryonic and adult chicken muscle 
tissues. L,,, MLC characteristic of embryonic 
smooth muscles. The same MLC as L,, detectable 
in the embryonic striated muscles is marked by 
horizontal arrows. L5,) and L,;, MLCs of smooth 
muscle and non-muscle; L., and L,,, cardiac muscle 
MLCs; L,, and L,,, slow skeletal muscle MLCs; 
Ly;, Lp and Lys, fast skeletal muscle MLCs. (From 
Takano-Ohmuro et al. [18]). 


[22] suggested that in mammalian fetal or cultured 
skeletal muscles, smooth muscle a@-tropomyosin 
(TM) may be expressed. They cloned cDNAs for 
skeletal and smooth muscle @-TM in mammals and 
determined their sequences. Since both cDNAs 
exhibit extreme homology except 40th to 76th 
amino acid residues and 27 residues in the C- 
terminus region, they reached the conclusion that 
skeletal, smooth and also cardiac a- TM mRNAs 
are produced from a single gene by alternative 
splicing. Messenger RNA for smooth muscle a- 
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TM was detected in fetal and cultured skeletal 
muscle cells by S; nuclease mapping method [22]. 

Such similarity in protein isoform expression 
between striated muscles and smooth muscles at 
young embryonic stages may not be generalized in 
various proteins. 


C. Cardiac-type proteins in embryonic skeletal 
muscles 


Recently several reports appeared which strong- 
ly indicate that cardiac-type isoforms are expressed 
in the skeletal muscles at embryonic stages in the 
case of actin [14, 23], troponin [24, 25], myosin 
heavy chain [26-28], myosin light chain (in mam- 
mals) [20] and C-protein [29]. 

In 1974, Masaki and Yoshizaki [26] first sug- 
gested that chicken embryonic skeletal muscle may 
express both cardiac-type and skeletal muscle-type 
proteins. They demonstrated that the antibodies 
specific for cardiac, slow-skeletal or fast-skeletal 
myosin heavy chain can bind the cryosections of 
embryonic skeletal and cardiac muscles. Later 
similar results were obtained with embryonic tissue 
by Sweeny et al. [28] and with cultured muscle cells 
by Cantini et al. [27] and by Masaki et al. [30]. 

Paterson and Eldridge et al. [23] established that 
a-actin expressed in the embryonic chicken skele- 
tal muscle is the same as cardiac q@-actin using 
cDNA probe to cardiac actin. Primary structures 
of skeletal and cardiac muscle @-actins are very 
similar although the replacements of four amino 
acid residues between these two actins exists, but 
mRNAs for both actins were distinguished by the 
difference in the noncording sequence at 3’-end 
from each other. It has also been reported that the 
major actin species expressed in mammalian [14] 
and amphibian [31] embryonic skeletal muscle is of 
cardiac a-type. Expression of cardiac-type actin in 
chicken skeletal muscle ceases before hatch, there- 
fore actin expressed in neonatal chicken skeletal 
muscle is of skeletal muscle a-type as in the adult 
mature muscle. However, mRNA analysis with 
cDNA probes for cardiac a-actin showed that both 
cardiac and skeletal actin mRNAs are transcribed 
[34] in adult human skeletal muscle. 

Toyota and Shimada [24] prepared antibodies 
specific for each TN component (TNT, TNI and 


TNC) of cardiac and fast skeletal muscles and 
examined the reactivities of these autibodies with 
the sections of paraffin-embedded embryonic 
chicken skeletal and cardiac muscles. They con- 
cluded the following: 1) embryonic somites or 
skeletal muscle express cardiac-type TNT and 
TNC in addition to skeletal muscle TN compo- 
nents and 2) embryonic cardiac muscle expresses 
skeletal muscle TNI in addition to cardiac TN 
components. Existence of mRNA for cardiac-type 
TNT in embryonic chicken skeletal muscle was 
recently confirmed by Northern blot analysis using 
cDNA probe for cardiac TNT by Cooper and 
Ordahl [25]. 

C-protein is a regulatory protein located in 
A-band regions of myofibrils [33-35]. Kawashima 
et al. [36] recently prepared McAb (C-315) specific 
for cardiac-type C-protein. Cardiac-type C- 
protein was distinguished from skeletal muscle 
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Fic. 3. Three different C-protein isoforms, i.e. fast- 
skeletal-, slow-skeletal- and cardiac-type, distin- 
guished by specific binding of the antibodies to the 
respective proteins and the difference in size. The 
mixture of the whole proteins extracted from car- 
diac, slow-skeletal and fast-skeletal muscles with an 
SDS solution was displayed on SDS-acrylamide gel, 
transferred to nitrocellulose paper and reacted with 
the antibodies to fast-skeletal (a), slow-skeletal (b) 
and cardiac (c) C-proteins. In (d), the mixture of 
three antibodies was applied. Antibody binding was 
detected by autoradiography. (Kawashima and 
Obinata, unpublished). 
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C-proteins by the difference in size and antigenic- 
ity (Fig. 3) and was localized in both atrial and 
ventricular muscles but not in adult skeletal mus- 
cle. Using this McAb (C-315), it has been demon- 
strated that the earliest form of C-protein express- 
ed in developing chicken skeletal muscles may be a 
cardiac-type C-protein [29, 36]. There was evi- 
dence for this that the cryosections of embryonic 
skeletal muscles, regardless of future slow or fast 
skeletal muscle, were stained with McAb to car- 
diac C-protein (C-315), at the developmental 
stages when the antibodies to slow or fast skeletal 
muscle C-protein scarcely stained the sections. 
The size of the peptide recognized by C-315 was 
the same as that of cardiac C-protein but differed 
from those of skeletal muscle C-proteins. During 
skeletal muscle development in vivo, “cardiac-type 
C-protein” is only transiently expressed at early 
embryonic stages, and as muscles develop, C- 
protein isoform transition characteristic of each 
muscle type takes place, as described later. “Car- 
diac-type” C-protein disappears from skeletal mus- 
cles before hatch. During cardiac muscle develop- 
ment, only cardiac-type C-protein is expressed 
throughout developmental stages. 


D. Embryo-specific isoform 


Existence of myosin heavy chain specific for 
embryonic chicken skeletal muscle has been de- 
monstrated by immunocytochemistry with McAb 
[37-39], peptide mapping [40-42] and analysis 
with cDNA probes [43]. Embryonic myosin heavy 
chain has also been detected in the mammalian 
tissue [44-47]. An embryonic myosin light chain 
(MLC) common to chicken smooth and striated 
muscles [18] was mentioned above. A mammalian 
MLC which may be common to atrium MLC 1 isa 
major MLC in mammalian embryonic and cul- 
tured skeletal muscles [18, 41]. 


E. Co-expression of fast- and slow-skeletal mus- 
cle isoforms 


Both fast- and slow- muscle-type isoforms of 
myosin light chain [48, 51] and C-protein [52, 53] 
are co-expressed in embryonic skeletal muscles at 
certain developmental stages. As muscles de- 


velop, slow isoforms disappear from fast (breast) 
muscles leaving fast isoforms as major isoforms, 
whereas fast isoforms disappear from slow muscle. 
However, the time course of the appearance and 
disappearance of two isoforms differs between the 
two proteins: 1) slow MLC disappears from fast 
(breast) muscle before hatch [48, 50, 52], but slow 
C-protein expression persists until posthatch [52, 
53]; 2) fast MLC continues to exist in slow (ALD) 
muscle until neonatal ages [49, 52], but fast C- 
protein was scarcely detected in ALD muscle even 
at embryonic stages [52]; 3) slow C-protein but not 
slow MLC is expressed in adult PLD (fast) muscle 
[50, 54, 55] (see below). 


F. Transition of isoform expression during post- 
natal development 


Muscle growth and an increase in muscle activity 
as seen in flapping movement are remarkable 
during postnatal development of chicken breast 
muscle. Interestingly, during this time period after 
hatch, several myofibrillar proteins, i.e. troponin T 
(TNT) [56, 57], tropomyosin (TM) [56, 58] and 
C-protein [52], exhibit remarkable isoform transi- 
tions. Changes in these proteins seem to be corre- 
lated. 

In chicken fast skeletal muscles, two TNT iso- 
forms which are distinguishable by the difference 
in molecular weight were detected [59]. Because 
of their distribution among muscle tissues, the 
isoform with larger size (MW, 33.5 kDa) is desig- 
nated as breast-type TNT (B-TNT) and the other 
one (MW, 30.5 kDa) as leg-type TNT (L-TNT). 
They share common antigenic determinants [56]. 
Matsuda er al. [56] found that in chicken breast 
muscle at perinatal ages, leg-type TNT is major 
TNT species, while breast-type TNT is scarcely 
expressed. At neonatal ages, the expression of 
breast-type TNT is initiated, whereas the synthesis 
of leg-type TNT is gradually suppressed. There- 
fore, quick transition from leg-type TNT to breast- 
type TN-T occurs during postnatal development of 
breast muscle [56]. Such transition of TNT iso- 
form in the developing breast muscle was visual- 
ized at cellular level by an immunocytochemical 
method using McAb which binds to B-TNT but not 
to L-TNT [60]. It is of interest to know the 
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relationship between the change in TNT isoform 
and the increase in muscle activity which occurs 
during postnatal development. However, so far 
nothing is known about physiological meaning of 
the protein isoform change during development. 
Recently, Wilkinson et al. [61] succeeded to 
separate L-TNT into two different isoforms (L- 
TNT, and L-TNT>), and determined the amino 
acid sequences of all the three TNT variants in 
chicken fast skeletal muscles. Only limited lengths 
of sequence in N-terminus region were replaced 
among the three TNT isoforms. Based on such 
homology in the sequences, they proposed the idea 
that these three TNT variants may be derived 
from a single gene. Our preliminary investigations 
[62] have demonstrated that breast-type and leg- 
type TNTs in neonatal chicken skeletal muscles are 
not the same as the counterparts in adult muscle 
tissues as judged by molecular weight and isoelec- 
tric point, and furthermore, several variants were 
detected in both TNT isoforms in neonatal mus- 
cles. Medford et al. [63] and Breitbart et al. [64] 
examined mRNA for TNT transcribed in develop- 
ing mammalian skeletal muscle using cDNA prob- 
es for TNT and reached the conclusion that multi- 
ple mRNAs which code at least ten different TNT 


variants are produced by alternative splicing of 
RNA from a single gene [64]. Multiple TNT iso- 
forms in mammalian skeletal muscles were also 
detected at protein level [65]. Thus, TNT isoforms 
and the changes in their expression during de- 
velopment are very complicated. 

Based on isoelectric point and size, muscle 
tropomyosin (TM) isoforms are categolized rough- 
ly into two groups, a- and 8-TM. Skeletal muscles 
contain a- and £-TM, but the proportion of the 
two isoforms differs among muscle tissues [66]. 
During chicken breast muscle development, both 
a- and £-TM are expressed from embryonic to 
neonatal stage, but the expression of 6-TM is shut 
off during postnatal development and therefore 
a-TM becomes only the TM isoform expressed in 
adult chicken breast muscle [56, 58]. Both @- and 
B-TM can be phosphorylated, but the extent of 
phosphorylation changes during muscle develop- 
ment in vivo and in vitro [67]. 

Two different C-protein isoforms, fast-skeletal 
and slow-skeletal type, have been distinguished in 
both mammalian and chicken skeletal muscles by 
the difference in their antigenicity and size [54, 68, 
69]. Monoclonal antibodies (McAbs) specific for 
fast- (MF-1 or MF-21) or slow- (ALD-66) muscle 
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Fic. 4. 


The reactivity of posthatched chicken breast muscle to monoclonal antibodies against fast C-protein (MF-1) 


and slow C-protein (ALD-66). Frozen serial sections of 1-day (1dPH), 6-day (6dPH), and 15-day (15dPH) were 
reacted with the two antibodies. Photographs of the sections were taken with indirect immunofluorescence. X 


160. (From Obinata er al. [52]). 
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C-proteins have been prepared [38, 54]. Im- 
munochemical studies using these antibodies de- 
monstrated that adult chicken breast muscle con- 
tains only fast-type C-protein [54]. During de- 
velopment, however, slow-type C-protein is also 
expressed in the breast young 
embryonic stages, a cardiac-type isoform is tran- 
siently expressed (as mentioned above), but from 
late embryonic stage to neonatal stage, slow-type 
C-protein becomes a major C-protein isoform [52, 
53] (Fig. 4). In the neonatal breast muscle, two 
C-protein isoforms are intermingled and assem- 
bled in the same myofibrils [53]. During postnatal 
development, slow-type C-protein is down- 
regulated as leg-type TNT and £-TM, and almost 
completely disappears from the breast muscle by 
two-week post-hatch [52]. 

In contrast to these proteins, expression of fast 
myosin light chain 3 (Ly) is enhanced during 
postnatal development [58, 70], and therefore, the 
proportion of FM;, one of the myosin isozymes 
which contains Ly, increases [42, 71]. This light 
chain is scarcely expressed in young embryonic 
muscle, but begins to be expressed at late 
embryonic stage [70]. Since Ly, and Ly; share a 
common C-terminal sequence of 141 amino acids 
but have distinct N-terminal sequence of 46 and 8 


muscle: at 


amino acid residues respectively, it was assumed 
that these two proteins are encoded by a single 
gene differently spliced to give the specific N- 
termini [72, 73]. Nabeshima er al. [74] cloned 
cDNAs for fast light chain 1 and 3 and sequenced 
them, and then demonstrated that these two alkali 
light chains are produced as the result of alterna- 
tive splicing of RNA from a single gene, the 
structure of which are wholly elucidated. Thus, 
the alternative splicing to produce these two pro- 
teins is regulated during development. Essentially 
the same conclusion have been obtained for the 
expression of mammalian alkali MLC (Ly, and Ly) 
[4, 75, 76]. Alteration in myosin heavy chain 
during postnatal development has also been dem- 
onstrated [39, 44]. 


G. Isoform transition characteristic of muscle 
type 


Fiber-type specific isoforms have been distin- 
guished in several myofibrillar proteins and iso- 
form transitions characteristic of muscle type have 
been observed. Isoform transitions in C-protein 
may be a typical example (see Fig. 5) [29]. 

During skeletal muscle development in vivo, 
“cardiac-type C-protein” is only transiently ex- 
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Fic. 5. C-protein isoform transition characteristic of muscle type. Time course of the 


expression of cardiac-type (Card. C), slow-type (Slow C) and fast-type (Fast C) 
C-proteins during the development of chicken striated muscles are schematically 
demonstrated (From Obinata ef al. [29, 52}; Kawashima and Obinata, unpublished). 
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pressed at early embryonic stages in skeletal mus- 
cles, but as muscles develop, C-protein isoform 
transition characteristic of each muscle type takes 
place. C-protein isoform transition during chicken 
striated muscle development is summarized as 
follows: During cardiac muscle development, no 
transition of C-protein expression occurs. In ALD 
muscle, only one transition takes place, that is, 
“cardiac-type isoform” is replaced by slow muscle 
isoform during embryonic development. During 
breast muscle development, two transition steps 
are discernible: first, a single cardiac-type isoform 
is replaced by two skeletal muscle isoforms (one a 
slow-type, the other a fast-type), then a second 
transition in which the slow-type disappears leav- 
ing continued expression of only the fast-type 
C-protein. The first transition occurs in late 
embryonic development and the second during 
one to two weeks posthatch. During PLD muscle 
development, also two transitions, but both fast- 
and slow-C-proteins are expressed even in adult 
[55]. In both neonatal breast and adult PLD mus- 
cles, fast- and slow-C-proteins are intermingled 
and assembled in the same myofibrils [52, 55]. 
Thus, as judged by the C-protein isoforms, neona- 
tal breast muscle is similar to adult PLD muscle. 
Tropomyosin and troponin T present in these 
muscles also resemble each other: a@- and /- 
tropomyosin exist in both muscles and leg-type 
TNT (L-TNT>) in addition to breast-type TNT was 
detected in PLD muscle as in neonatal breast 
muscle (Abe and Obinata, unpublished). It is of 
interest that patterns of C-protein isoform expres- 
sion during the breast muscle development seems 
to mimic sequential expression of those C-protein 
isoforms seen in cardiac, ALD and PLD muscles. 


MUSCLE PROTEIN ISOFORMS EXPRESSED 
IN MUSCLE CULTURES 


Generally speaking, the types of myofibrillar 
proteins expressed in cultured muscle cells are 
somewhat different from those in adult mature 
muscles, but similar to those in embryonic muscle 
tissues: for example, in cultured skeletal muscles, 
an embryonic form but not adult form of myosin 
heavy chain [37, 38, 41], an embryonic-type 
myosin light chain (in mammals) [19], fast and 
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slow myosin light chains (in birds) [77], non- 
muscle-type [10, 12, 13] and cardiac-type actins 
[14], cardiac-type [78] and leg-type [56] troponins 
have been detected as in the embryonic tissue. We 
have characterized C-protein isoforms expressed 
in cultured chicken striated muscle cells [29, 36]. 

In mononucleated myoblasts of skeletal mus- 
cles, C-protein has not been detected although 
several contractile proteins like tropomyosin, 
actin, myosin, and troponin are detectable. When 
multinucleated myotubes were formed, C-protein 
became detectable, but the first C-protein detected 
in the cultures of embryonic breast muscle 
appeared to be a cardiac-type isoform or a unique 


Fic. 6. 


Immunofluorescence staining of breast muscle 
myotubes cultured for one week in vitro with anti- 
cardiac (C-315) (a), anti-slow-skeletal (ALD-66) 
(b), and anti-fast-skeletal (c) C-protein antibodies. 
300. (From Obinata et al. [29]). 
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embryonic isoform which contains the epitope 
common with the adult cardiac-type protein, be- 
cause this protein could bind to anti-cardiac C- 
protein antibody (C-315) but not to anti-skeletal 
C-protein antibodies. C-protein recognized by C- 
315 was assembled into cross-striated myofibrillar 
structures from the beginning of its appearance in 
a typical C-protein pattern. When muscle cultures 
were maintained, C-proteins recognized by either 
anti-fast-skeletal C-protein antibody or anti-slow- 
skeletal C-protein antibody (ALD-66), subse- 
quently appeared. The C-proteins recognized by 
these antibodies were, however, distributed in the 
cytoplasm without incorporating into cross-striated 
structures in the beginning of their appearance. In 
7-10 day cultures (Fig. 6), most of the myotubes 
which were cross-striated contained three different 
types of C-proteins as examined by an indirect 
immunofluorescence method. Thus, as in vivo, 
three different C-protein isoforms seem to appear 
sequentially in breast muscle cultures: first a car- 
diac isoform and then next skeletal-type isoforms. 
In contrast to myogenesis in vivo, the reactivity of 
C-315 with myotubes remained unchanged during 
myogenesis in vitro even if the cultures were 
maintained for up to two weeks. This observation 
suggests that the transition of C-protein isoforms 
specific for each fiber-type scarcely occurs in the 
culture system. Similarly, neonatal and adult 
forms of myosin heavy chains have not been 
detected in cultured myotubes [37, 41]. The switch 
from non-muscle actins to striated muscle @-actin, 
however, occurs during myogenesis in vitro [13, 
14]. It is likely that some signals, may be hormo- 
nal and/or neuronal, which are necessary for at 
least some step of isoform transitions, are lacking 
in the culture system. Recently, Toyota and Shi- 
mada [78] reported that cardiac-type TN dis- 
appeared from cultured skeletal muscle myotubes 
when the cells were maintained in the medium 
containing the extract from brain or spinal cord. It 
has not yet been clarified whether expression of 
the other proteins in vitro can be controled by 
neural extracts. 


ALTERATION IN MUSCLE PROTEIN 
ISOFORM EXPRESSION IN DENERVATED 
AND DISEASED CHICKEN 
SKELETAL MUSCLES 


Since remarkable transitions of muscle protein 
isoform expression occur during myogenesis in 
vivo but not in vitro, it is of interest what factor 
may regulate such process of transitions and may 
cause the difference between myogenesis in vivo 
and in vitro. 

In mammalian striated muscles, neural [79-84] 
and hormonal [85-87] regulation of muscle protein 
expression has been demonstrated. In general, it 
appears that the control through nerve is required 
for slow muscle to express slow-type proteins in 
the case of mammals, while fast muscle is rather 
independent of nerve control [79-84]. Denerva- 
tion of adult slow (soleus) muscle caused the 
decrease in slow myosin or the denervation of 
soleus muscle of newborn animal prevented the 
expression of slow myosin [82]. By long-term 
stimulation at low-frequency, slow myosin ex- 
pression was induced in fast muscle [79, 81, 83]. 

In chicken, neural regulation of protein isoform 
expression has also been observed [29, 88, 89]. 
However, the response to neuronal signals may be 
somewhat different between chicken and mamma- 
lian muscles. As already described, neonatal 
chicken breast muscle contains fast- and slow-type 
C-proteins, a- and 2-TM, and breast-and leg-type 
TNT, but as the muscle develops, the slow-type 
C-protein [52], 2-TM [56, 58] and leg-type TNT 
[56] disappear. When neonatal chicken breast 
muscle was denervated by cutting the brachial 
plexus, these changes in TM, TNT [88, 89] and 
C-protein [29] isoforms during postnatal develop- 
ment were prevented. By an immunohistochemi- 
cal method, it was observed that slow-type C- 
protein persisted in all myofibers of the denervated 
muscle, even after 8 weeks post-hatch, while slow- 
type C-protein had disappeared completely from 
the contralateral control muscle by two weeks 
post-hatch (Fig. 7). When adult chicken breast 
muscle, which did not contain slow-type C-protein, 
8-TM and leg-type TNT at all, was denervated, 
the reappearance of all these proteins was 
observed in two weeks after the operation. The 
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and serial cryosections were prepared 3 weeks after the surgery. The sections were reacted 
with McAbs to fast-skeletal C-protein (MF-1) (a, b, e, and f), or to slow-skeletal C-protein 
(ALD-66) (c, d, g, and h). a, c, e, and g, denervated muscles; b, d, f, and h, contralateral 
control muscle. Photographs of sections were taken with indirect immunofluorescence. X 
210. (From Obinata et al. [29]). 


amount of these proteins increased with age after 
the operation. The change caused by denervation 
probably occurs in majority of preexisting myo- 
fibers, because at three weeks after denervation, 
all myofibers of large diameter contained both fast- 
and slow-type C-protein. Muscle regeneration 
may not be required for these changes, because 
protein isoforms which appear in regenerating 
muscle, e.g. cardiac C-protein, was scarcely de- 
tected in the denervated muscles. Myosin light 
chain 3 (Ly3) is another protein, the expression of 
which is affected by denervation [88, 89]. The 
amount of Ly significantly decreased in the dener- 
vated breast muscle, and therefore, the myosin 
isozyme having Ly; (FM,) also decreased in 
amount. Expression of cardiac-type C-protein, 
slow myosin light chain and #- and Y-actins was 
scarcely induced by denervation. In the dener- 
vated muscle, alteration in myosin heavy chain 
may occur but is not so remarkable as seen in 
C-protein, TM and TNT [29]. From these 
observations, it is suggested that the expression of 
slow-type C-protein, 8-TM, leg-type TNT, and L,; 


is coordinately regulated by the neural system. 
Since the expression of these proteins changes 
during postnatal development, the differentiation 
from the neonatal state to the adult state and the 
maintenance of the adult state seem to be particu- 
larly dependent on some factors related to nerves 
and the denervated chicken muscle does not regain 
the nature of embryonic muscle. It is also sug- 
gested that myosin and C-protein, both of which 
are the constituents of thick filament are regulated 
independently by the nervous system [29, 90]. 
Another interesting point is that mammalian fast 
muscle is rather independent of nerve control but 
it is obvious that protein isoform expression in 
chicken fast (breast) muscle is under nerve control 
[29, 88, 89]. 

The protein isoform changes caused by the 
muscle denervation seem to resemble the isoform 
changes in dystrophic muscle. In hereditary dys- 
trophic chicken (NH line 413), when the symptoms 
of muscular dystrophy appear about two months 
after hatching, the changes in troponin-T [57, 91], 
tropomyosin [92, 93] and C-protein (Obinata and 
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Shinbo, unpublished) were detected; In the breast 
muscle of the diseased animal, it was observed that 
leg-type TNT, 8-TM and slow-type C-protein are 
expressed although these proteins were not 
detected in normal chicken breast muscle (white 
leghorn or NH line 412: control for NH line 413). 

The distribution of slow C-protein in the myo- 
fibers of the diseased muscle has been observed by 
immunohistochemistry using McAb to slow C- 
protein (ALD-66). One month after hatching, 
100% cells in dystrophic breast muscle contains 
fast C-protein and only few cells contain slow 
C-protein as well, but three months after hatching, 
almost 50% of breast muscle cells, although the 
ratio varies among individual animals, contained 
both fast and slow C-proteins. In the same serial 
cryosections, however, slow muscle MLCs were 
not detected at all by immunocytochemistry. The 
absence of slow MLCs was confirmed by 2-D 
PAGE. Cardiac C-protein was detected in small 
number of cells with small diameter which are 
probably regenerating cells but not in majority of 
cells. Thus, the expression of leg-type TNT, 8-TM 
and slow muscle C-protein is a_ remarkable 
phenomena in chicken muscular dystrophy. As 
judged by protein isoform expression, chicken 
dystrophic breast muscle resembles the neonatal 
muscle and also the denervated muscle. Another 
evidence for this view is that in the dystrophic 
breast muscle, the amount of L;; and also the 
amount of FM;, a myosin isozyme which contains 
Ly. is as low as in neonatal muscle [91, 92]. In 
consistent with this view, Bandman [94] demon- 
strated continued expression of neonatal myosin 
heavy chain in adult dystrophic skeletal muscle. 
Rushbrook and Stracher [40] reported that a uni- 
que myosin heavy chain which is distiguishable 
from myosin heavy chain of normal muscle by 
peptide mapping is detactable in the dystrophic 
muscle. It is not clear whether this protein is 
similar to neonatal myosin heavy chain or unique 
to the dystrophic muscle. 

As already mentioned, changes in muscle pro- 
tein isoform during muscle development are very 
complicated. As judged by the results with the 
denervated muscle and the diseased muscle, it is 
suggested that alterations in isoform expression 
which occur during postnatal development is more 


labile or higher in plasticity in comparison with 
those which occur during embryonic development. 
Neuronal and hormonal signals may be physiologi- 
cally important for regulation of muscle develop- 
ment, but the details of the regulation at the gene 
level have not been elucidated. It would be appear 
that the expression of each protein isoform re- 
sponds differently to the neuronal and maybe also 
to hormonal signals. 
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Shun-ichi Takatsuki (1899-1985) 


It is noted with regret that Shun-ichi Takatsuki, Professor Emeritus of Tokyo Kyoiku 
University, passed away of a heart attack on June 5, 1985, at the age of 86. He was an honorary 
member of the Zoological Society of Japan since 1978. 

Professor Takatsuki was born in Koishikawa, Tokyo on January 5, 1899. After graduating from 
the Imperial Fisheries Institute in Tokyo (now Tokyo University of Fisheries), he entered Tohoku 
Imperial University (now Tohoku University), where he pursued advanced studies in zoology. It 
was here that he became a student of Professor Shinkishi Hatai, whose example and guidance had 
a profound influence on his academic career. He began to take an interest in the physiology of 
marine molluscs. After graduation, he became a research assistant at the same university, and 
studied the automatic beat of isolated oyster hearts at the Asamushi Marine Biological Station. 

He was appointed assistant professor of zoology at Tokyo Bunrika University in 1929. The 
years between 1932 and 1934 were spent in England, where he studied the nature and function of 
the amoebocyte of the oyster. After returning from abroad, he became professor of zoology at 
Tokyo Bunrika University in 1936 and successively at Tokyo Kyoiku University, from where he 
retired in 1961. He also was the director of the Shimoda Marine Biological Station for many 
years. 

Professor Takatsuki’s life work was devoted to the study of the physiology of circulation and 
digestion in invertebrates, which in his early career was a new field of research in Japan. He 
studied the effects of chemicals and electrical stumulation on the automatic beat of an isolated 
oyster heart to elucidate its myogenic nature. Similar experiments were applied to the isolated 
heart of the lobster to elucidate its neurogenic beat. In his studies on the physiology of digestion, 
he expressed the digestive activity of a given material by means of the activity of digestive enzymes 
involved in it. He studied the digestive activity of the alimentary canal of Ostrea, and that of the 
mid-gut gland of Liolophora, Squilla, and Teredo with special reference to their structures. The 
results of these studies were summarized in his book, Digestion Physiology of Animals (in 


850 


Japanese), published in 1951. His later studies on digestion further analyzed the nature of 
carbohydrate and proteinase in the digestive enzymes of molluscs. Throughout his distinguished 
career, he maintained his early intrest in the biology of the oyster, a topic which he never lost 
enthusiasm for. This intense interest led him to publish a book, Oyster (in Japanese), in 1949. 
Later, his studies on the oyster extended to the excretion and chemical constituents of its body 
fluids. 

During his professorship, he also spent a great deal of time guiding many graduate students. He 
held deep regard for the original thinking of each student and encouraged each one to find and 
develop his own individual research interests. The students who were under his guidance will 
continue to remember his warm and sympathetic manner. 

After retirement from Tokyo Kyoiku University, he served as a lecturer at the Jikei University 
School of Medicine for more than ten years until 1974. He took pleasure in teaching young 
medical students the priciples of animal physiology. 
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The Derivation of Terrestrial Cave Animals 


SHUN-ICHI UENO 


Department of Zoology, National Science Museum (Nat. Hist.), Shinjuku, Tokyo 160 


It has been known since the end of the last 
century that aquatic cave animals frequently occur 
outside calcareous areas. Terrestrial ones were, 
however, believed to be confined in limestone 
caves. Their morphological and physiological 
modifications were regarded as the results of 
adaptation to peculiar cave environment not found 
in the epigean domain. It is inexplicable that such 
a radical difference exists in the extension of 
habitats between aquatic and terrestrial forms, but 
the above belief was not doubted for more than a 
century. 

While investigating lava cave faunas towards the 
end of 1960’s, we realized that various terrestrial 
troglobionts fully comparable with those of lime- 
stone caves did occur in those non-calcareous 
caves. This was most surprising, since lava caves 
are much younger than most limestone caves (less 
than 13,000 years old) and the history of troglo- 
bionts occurring there must be still shorter than 
that of the caves themselves. The discovery con- 
tradicted the current opinion that many cave ani- 
mals were very old, having long been preserved 
under the constant environmental condition in 
limestone caves. On the other hand, it seemed 
evident that highly modified troglobionts could not 
evolve in such young caves as lava tubes. They 
must have come from somewhere in nearby places 
not covered by lava flows and have secondarily 
colonized caves. Since caverniferous lavas are 
usually remote from limestone terrains, their origi- 
nal habitats must be in non-calcareous lands. 

To prove this conjecture, we explored many 
artificial caves, mostly abandoned mine adits, and 
confirmed that terrestrial troglobionts occurred 
widely in artificial cavities dug into various kind of 
rocks other than limestones and lavas. They were 


{ 


especially frequent in mine adits dug into such 
loose fissured rocks as mudstones, shales and 
schists, but also occurred in any other kind of 
cavities if environmental conditions were favour- 
able for them. They were found equally in old 
mines more than 100 years old and in very recent 
ones only 2 or 3 years old. Thus, it became highly 
probable that so-called cave animals dwelt any- 
where under the earth. 

The last step to follow up this research was to dig 
out blind terrestrial animals directly from their 
original habitats. This was a painstaking and time- 
consuming task, but we could finally locate them 
on loose bed-rocks beneath screes. Later inves- 
tigations revealed that they were more easily found 
from beneath colluvia emplaced at the sides of 
gullies on mountains, usually at a depth of 50cm or 
more but sometimes at a depth of only 10cm or so. 
Since this kind of environment, called the upper 
hypogean zone, is widespread over hilly countries 
and invariably harbours so-called troglobionts, it 
must be the original habitat of terrestrial cave 
animals fully comparable with the interstitial habi- 
tat of aquatic troglobionts. 

The realization that terrestrial cave animals orig- 
inated in the upper hypogean zone has broadened 
the scope of biospeology to a considerable extent. 
We can now fill in wide blanks in our knowledge of 
distribution of terrestrial troglobionts, which was 
formerly gained solely by the investigation of 
sporadically distributed limestone caves. Further, 
it becomes apparent that the history of terrestrial 
cave animals cannot be so long as was believed in 
former times, since many of them have become 
differentiated to the species level even in such 
areas as were immersed by the transgression in the 
late Pleistocene. 
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The jelly envelopes secreted by the long pars 
convoluta (PC) portion of oviduct has long been 
known to be indispensable for the sperm entrance 
in the amphibian egg. Our experiments employing 
dejellied uterine egg bioassay system in the toad, 
Bufo bufo japonicus, revealed that the jelly plays a 
role by its unique capacity of retaining divalent 
cations (Ca** and/or Mg** ) which are essential for 
a fertilizing sperm. This property of egg-jelly is of 
special adaptive value in view of the low salinity of 
natural fertilization medium that contains divalent 
cations far below the level necessary for gamete 
fusion. More recent studies implicate the impor- 
tance of the uppermost portion of oviduct, the p. 
recta (PR), in the acquisition of egg-fertilizability. 
We showed that this function of PR is ascribable to 
the hormone-dependent secretions by the epithe- 
lial cells that are deposited on the vitelline coat 
(VC) to induce the acrosome reaction in fertilizing 
sperm as well as to increase the susceptibility of 
VC to a sperm lysin. SDS-PAGE analyses re- 
vealed that this increased susceptibility to sperm 
lysin is associated with a partial hydrolysis of 
certain VC proteins by tryptic enzyme(s) of PR 
origin. It should be stressed that these functions of 
PR secretions are highly dependent on Ca** which 
may be supplied by jelly layers deposited by PC. 
Thus the amphibian system provides a model with 
which the role of oviduct in the strategy of fertiliza- 
tion is analyzed on both cellular and molecular 
levels. 

It has been well documented that during the 
hormonally-induced oocyte maturation of amphi- 
bians several cytoplasmic activities emerge inde- 
pendently of the germinal vesicle (GV). We 
showed that these nuclear independent matura- 
tional events include also the polyspermy block 
mechanism and the ability to emanate an activa- 


tion potential. In contrast, the pronucleus- 


inducing activity (PIA) in fertilized eggs was found 
to be dependent on GV. The ability of oocyte 
cytoplasm to induce pronucleus and DNA synthe- 
sis was analyzed by microinjecting several number 
of detergent-treated sperm into oocytes at various 
maturation stages along with manipulation of GV, 
with the results that the PIA develops by trans- 
lational events occurring at the limited period after 
GVBD, but quiescent until it commences function 
after fertilization. The PIA was successfully re- 
covered from the cytosol of mature eggs in vitro, 
showing its dependence on Ca** and membranous 
components in cytoplasm. A protease has also 
been partially purified from sperm that hydrolyses 
the sperm nuclear protein. Further studies along 
these lines will provide a promising clue for under- 
standing the mechanisms of decondensation of 
sperm nuclear chromatins and subsequent initia- 
tion of DNA synthesis that lead to the commence- 
ment of embryonic development. 

Along with above studies, long-term efforts 
have been made to establish a large colony of 
genetically-defined Xenopus laevis. Thus the high- 
ly inbred “J-group” frogs have proved to be a 
unique model in this class of vertebrates for cell or 
tissue transfer studies in several laboratories, be- 
cause of their high histocompatibility sharing 
among siblings. We also employed the gynogene- 
tic procedure in an attempt to obtain another 
histocompatible lines, with the result that repeat- 
ing this procedure for four generations is effective 
in producing highly homozygous individuals not 
only in MHC but several minor H-genes as well. 
Some congenic frogs are now available by mating 
the gynogenetic line (“K-group”) with J frogs, with 
which the studies are open to be made to pursue 
such fundamental questions as the phylogenetic 
origin of MHC and the mechanism of self- and 
nonself-recognition. 
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Gene Cloning Techniques in the Study of Cellular 
Differentiation and Molecular Evolution 
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of the 56th Annual Meeting of the Zoological Society of Japan. 


Coordinator: HrRAKU SHIMADA, Zool. Inst., Fac. Sci., Univ. Tokyo 


Syl STUDIES OF rRNA GENE EXPRESSION IN EMBRYONIC DEVELOPMENT OF 
XENOPUS LAEVIS. 
Koichiro Shiokawa and Kosuke Tashiro: Department of Biology, 
Faculty of Science, Kyushu University, Fukuoka, Sle Japan: 


We have been interested in the structure and function of rRNA gene 
(rDNA) during embryonic development of Xenopus laevis. The ultimate 
goal of this study is to clarify the mechanism of developmental regula- 
tion of the rDNA. To this goal we organized approaches at the three 
different levels, with the following results. 

(1) The cellular level. We have shown that rDNA expression in 
Xenopus embryos is initiated at the late blastula stage. Then, we stud- 
ied rDNA expression in cleavage-arrested embryos and found that rDNA is 
expressed in the embryos arrested at the 1l6-cell stage, when the arrest- 
ed embryos were incubated until the control embryos reached the late 
blastula stage. Possible regulatory factor was examined, and we have 
found that ammonium ion, which exists in the egg at ca. 5 mM and reduces 
its concentration to ca, 1 mM during the blastula stage, acts as a 
specific inhibitor of rRNA synthesis: in Xenopus) embRyonisc sceliis. 

(2) The subcellular level. We first tested the effect of ammonium 
ion in an in vitro transcription system of mouse rDNA. In this system: 
however, ammonium ion did not act as a specific inhibitor of rDNA ex- 
pression, We are now trying to test the effect of ammonium ion on rDNA 
expression in isolated nuclei of Xenopus oocytes and embryos, 

(3) The DNA level. The regulative mechanism of rDNA expression might 
be contained in rDNA structure itself, Then, we studied the DNA of so= 
called anucleolate mutant of Xenopus laevis. Southern blot analysis 
revealed the presence of rDNA-related sequences in the mutant, We con- 
structed the genomic library and succeeded in cloning and sequencing the 
rDNA "pseudogene", The function of this pseudogene is now under study 
in Xenopus oocytes and embryos after its microinjection. 
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SY 2 The role of alternative splicing for regulation of contractile 
protein genes expression 


Yo-ichi Nabeshima : Department of Biochemistry, Cancer Institute 
Japanese Foundation for Cancer Reseach 


Chick muscle cells have been widely used as a model system for the 
study of the control of gene expression during cell differentiation. 
To study myosin light chain gene expression, we isolated chick myosin 
alkali light chain genes of skeletal,cardiac and gizzard muscles and 
non-muscle cells. The results of structural analysis of these genes are 
summerized as follows. 
(1) Skeletal muscle LC1 and LC3 mRNAS are synthesized from one gene by 
differential transcriptional initiation and alternative splicing. 
(2) Two modes of splicing results two cardiac LC1 mRNAs,which have 
different 3’untranslated sequence,from single cardiac LC1 gene. 
(3) Nucleotide sequence of cDNA for gizzard 17 k myosin light chain is 
identcal to that of fibroblast 17 k light chain without one region. 
That is, fibroblast 17 k light chain mRNA have additional 39 nucleotides 
sequence which is inserted at 26 nucleotides upstream region from stop 
codon of gizzard 17 k light chain mRNA. 


Recently, some other contractile protein genes have been analysed and 
almost of them have differentialy spliced exon(s). These results shows 
that the alternative splicing is important regulatory mechanism to 
produce many distinct isoforms of contractile protains from one or 
several genes. 

The reguratory mechanisms of alternative splicing remain to be seen. 


SY 3 DROSOPHILA ACTIN MUTANTS INDUCE CONSTITUTIVE EXPRESSION OF HEAT 
SHOCK GENES: ANALYSES WITH P-ELEMENT MEDIATED TRANSFORMATION. 
Yoshiki Hotta, Dept. Physics, Fac. of Science, Univ. Tokyo, 
Tokyo 113 


Two Drosophila mutants, KM75 and HH5, with mutations in the act88F 
(an actin gene that is expressed only in indirect flight muscle 
cause constitutive synthesis of heat shock proteins (hsp) in IFM. Other 
alleles do not show the anomaly. We cloned all the act88F alleles, and 
examined their mutational changes. It turned out that both KM75 and HH5 
have base change near 3'end of the gene (Trp-356 to nonsense and Gly-366 
to Ser, respectively), suggesting an involvement of C-terminus of the 
actin molecule in the anomalous gene expression. However, a larger 
deletion of C-terminus with KM129 does not cause the abnormality. 

We carried out P-element mediated, germ line transformation with the 
mutated act88F genes, demonstrating that the actin mutations are indeed 
the primary cause of the abnormal hsp gene regulation. The trans- 
formants with KM75 or HH5 (KM75/+/+ and HH5/+/+) are; (a) flightless, 
(b)their IFM synthesize mutant actin, and (c) the constitutive synthesis 
of hsp is induced in IFM. On the other hand, KM129 and KM88 trans- 
formants did not show this hsp anomaly. With this experiment, we could 
also show the 5'upstream sequences responsible for correct tissue- and 
stage-specific expression of the act88F gene. 

It is of interest that some, but not all the act88F mutants cause 
the hsp induction. We have obtained a result suggesting that those hsp 
inducing alleles are antimorphic with respect to the myofibrillar 
formation in IFM, while the non-inducing alleles are hypomorphic. A 
possibility exists that mutant actins interfere with actin elongation in 
cytoskeleton or nuclear matrix, causing a release of "hsp-inducer(s)". 
Another possibility is that mutant actins act directly on the hsp genes. 
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SY 4 ANALYSIS OF GENE REGULATION IN ERYTHROPOIESIS. 
M.Obinaita, Fac. of Pharm. Sea) sUnivesoO fe lolaon moor 


To examine gene regulation in erythropoiesis, we have used cultured 
erythroleukemia (MEL) cell lines which can be induced to follow the 
ery Enronpo1eL ac  pachway, tn velbsOr 

One MEL cell (B8/3) was used to follow the differentiation process 
later than proerythroblast stage. Using this line, we established the 
artificial method for the selection of differentiation-related mutants 
by the chimeric gene transfer with newly developed microinjection method. 

Another cell line (TSA8) was used to examine the commitment process 
of early progenitor cells (CFU-E). This line can be induced to commit 
to CFU-E by DMSO addition in vitro. We observed the asymmetric cell 
division during the commitment process. We are screening several cDNA 
clones whose expressions are related on the commitment process of CFU-E 
formation. 


SY 5 STRUCTURE AND EVOLUTION OF HIGHLY REPETITIVE SEQUENCES 

Norihiro Okada, Institute of Biological Sciences, University of 

Tsukuba, Sakura-mura, Ibaragi-ken 
Total DNAs from various animals were transcribed in vitro in a Hela 
cell extract and it was found that one to several discrete RNAs were 
transcribed by RNA polymerase III. In the cases of tortoise, newt and 
salmon, discrete 6.5S, 8S and 6S RNAS were transcribed from these 
respective DNAs. Representative phage clones coding the 6.5S, 8S and 6S 
RNA genes were isolated from genomic libraries of these animals, and the 
sequences of these genes were determined. The 5' parts of highly repeti- 
tive and transcribable (Hirt) sequences of tortoise, newt and salmon 
were found to have close resemblance to a lysine tRNA, gene (78% homo- 
logy), glutamic acid tRNA gene (74% homology) and lysine tRNA, gene (843% 
homology), respectively (Endoh and Okada; PNAS in press, Matstimoto et al 
; submitted). Therefore, we presume that these Hirt sequences are de- 
rived from specific tRNA genes. Furthermore, close structural resembl- 
ances between several mammalian highly or moderately repetitive families 
whose sequences were already determined and some specific tRNAs were 
detected. Rodent type 2 Alu family, rat ID sequences, rabbit C family 
and bovine or goat 73 bp repeat are homologous with lysine tRNA, phenyl- 
alanine tRNA, glycine tRNA, and glycine tRNA, respectively (Sakamoto and 
Okada; J.Mol.Evol. in press). Furthermore, we found that 5-methylcytidy- 
lic modification occurred in the transcript from ID sequence (Sakamoto 
and Okada; NAR in press). 


i 
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SY 6 RAS-ONCOGENE IN FISH AND ITS EVOLUTION. 
N. Nemoto. Dept. of Exptl. Path., Cancer Inst., Tokyo. 


Oncogenes are thought to be involved in a critical step(s) occcurring 
during differentiation in some invertebrates as well as to play a role(s) 
during carcinogenesis in rodents and human beings. However, we have 
little information regarding oncogenes in fish species, which offer 
adequate models of neoplastic development. This paper deals with detec-— 
tion and isolation of a ras-related gene in fish DNAs. 

Southern hybridization techniques revealed the existence of ras-related 
genes in more than ten species of fish including Salmoniformes, Cyprini- 
formes, Atheriniformes and Perciformes. Ras-related gene sequences were 
cloned from goldfish genomic DNA library. Restriction enzyme mapping of 
the obtained clones suggested that goldfish had at least 3 kinds of ras- 
related DNA sequence. Base sequencing of the obtained clones demonstrated 
Straight homology of the amino acid sequence of the gene between goldfish 
and mammals. Conservation of the ras sequence in a wide range of animal 
Species is indicative of the importance of this gene in cell homeostasis. 


SY / CONCLUDING REMARKS. 
T.Higashinakagawa, Department of Biology, Tokyo Metropolitan 
University, Tokyo. 

For many years scientific progress in zoology as well as in other 
fields was hampered much more by techniques than by concepts. However, 
recent remarkable development of recombinant DNA technology has enabled 
us, at least, to ask questions concerning the molecular mechanism of 
gene expression and evolution. With a risk of oversimplification, the 
current trends of research with this technology can be classified into 
three directions. That is, the in vitro reconstitution, probing the 
modulation of gene expression and injection into various kinds of cells 
are under active study with a well-characterized cloned DNA as the star- 
ting material. In each direction, the present status and the future 
prospect were overviewed with reference to the presentations in the Sym- 
posium. A tendency frequently faced with was pointed out; in one extre- 
me people overestimate the power of the recombinant DNA technology and 
in the other people just discount it. These are indeed undesirable for 
the sound understanding of the biological phenomena. A proper appreci- 
ation of the technique and its prompt application to an individual sys- 
tem are truely needed. 
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THE EFFECT OF DEHYDRATION ON COCKROACH 
BEHAVIOR TO HUMIDITY CHANGES. 
N. Doi, Y. Toh, and H. Tateda, Dept. of 


Biol., Fac. of Sci., Kyushu Univ., Fukuoka 


In order to study the effect of dehny- 
dration on a possible water-search behavior 
of Periplaneta in varying humidity 
conditions, we quantitatively measured 
behavioral responses to humidification. 
When one of the paired antennae was in air 
of 40% r.h. (reared humidity) and the other 
was in air of more than 40% r.h., hydrated 
animals, which had enough water, preferred 
the side of 40% r.h. to the side of moist 
air. But dehydrated animals preferred the 
Side of moist air to the side of 40% r.h. A 
minimum difference of humidity between the 
two air flows to be detected by cockroaches 
decreased with the progress of dehydration. 
Cockroaches firstly wave their antennae to 
humidification and mostly start to walk. 
After two days of dehydration, cockroaches 
started to walk when humidity increased by 
about 15% r.h., and they started to walk 
when humidity increased by about 10% r.h. 
after six days of dehydration. Smaller 
increase of humidity was enough to cause 
antennal waving in the more dehydrated 
animals. These results suggest that the 
behavioral sensitivity of the cockroach to 
humidity changes may be heightened by 
dehydration, and this may be due to 
increase in sensitivity of hygroreceptors 
themselves, which was reported in the same 
species (Doi et al., ZOOLOGICAL SCIENCE, 

1, 868 (1984)). 
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THE CHARACTERISTICS OF RESPONSES OF AN 
ANTENNAL COLD RECEPTOR ON THE COCKROACH, 
PERIPLANETA AMERICANA. 

M.Nishikawa, F.Yokohari and T,Ishibashi. 
Biol.Lab.,Fac.Sci.,Fukuoka Univ.,Fukuoka 


It is not yet known which the re- 
sponse of an insect thermoreceptor is a 
function of among temperature itself, 
temperature difference, temperature gra- 
dient, and change rate of temperature 
gradient. 

We recorded impulse activity of the 
cold receptor from an antennal thermo- 
olfactory sensilluin of the cockroach. 
Temperature itself: When the recep- 
tor was exposed to various constant tem- 
peratures, its activity (static activity) 
changed at most only 3imp/s within 19-28°C 
and the temperature-activity relation 
varied from specimen to specimen. 
Temperature gradient: When the re- 
ceptor waS exposed to various rates of 
linearly falling in temperature (0.01- 
0-08" C€/s, 23-27°C), its activity (gradient 
dependent activity) appeared to change 
almost linearly against the falling rate 
of temperature at a given temperature. 
However, the gradient dependent activity 
seemed to be affected somewhat by the 
Static activiy, i-oe., "when the static 
activity was high, the gradient dependent 
activity also tended to be high. 

We discussed phygiological meaning of 
the static activity and its effect on the 
gradient dependent activity. 
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EFFECT OF DENERVATION ON GLUTAMATE CON- 
TRACTURE IN INSECT MUSCLE. 

T, Yamaguchil, H.Washio“, ‘Dept. Biol., 
Intern. Christ. Univ., Mitaka, @Lab.Neu— 
BOA SsLOslS Waliwoswloa sida Kesea Misi, Ibe 
Sei., Machida 


It) has’ been shown that insect muscles 
undergo many changes when a motor nerve 
is| Sectioned. Here we have” sinudnccmamatc 
shomt—term “emrects (ol) ~denemvya pono 
glutamate and potassium contracture of 
insect muscles. 

The effect of glutamate contracture 
produced by the suddem appillicatvon oie 
ml L-glutamate in a wide range of concen- 
trations in isolated retractor unguis 
MUSCMESI) Onn ULC NCOCKcoaela, Periplaneta 
americana, have been investigated in de= 
nervated muscles following nerve section. 
In each series of experiments, increasing 
the concentration of the drug increased 
the amplitude of the contracture tension 
and then decreased. The peak tension 
shifted to the lower concentration appli- 
ed and decreased by 7 days after denerva— 
tion, KCil=<tnduced! “contrac ruce rm alsomulc = 
creased with days after denervation with 
a transient increase the fiecsG daygatimess 
denervation. An inerease in the ratvoon 
glutamate to KCl contracture / days after 
denervation seems to indicate an enhance- 
ment of glutamate sensitivity in denerv— 
ated insect muscles. 
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REGULATORY ACTION OF THE DORSAL UNPAIRED 
MEDIAN NEURONES OF THE COCKROACH 
MESOTHORACIC GANGLION. 

Y. Tanaka and H. Washio. Lab. of Neuro- 
physiology, Mitsubishi-Kasei Institute 
of Life Sciences, Tokyo. 


Dorsal unpaired median neurones (DUM) 
of the cockroach have the somata near 
the dorsal midline of each segmental 
ganglion and bilaterally symmetrical 
axons which innervate the muscles on 
each side of the body. Stimulation of 
the DUM neurones in the cockroach 
mesothoracic ganglion caused both 
relaxation of the maintained tension 
and increase in the basal tension of 
the coxal depressor muscle. The relaxation 
of the tension could be mimicked by the 
superfusion with octopamine and blocked 
by the octopamine antagonist, phentol- 
amine. The increase in the basal tension 
could not be mimicked by the various 
pharmacological agents except neuropeptide 
proctolin and could not be blocked by 
the phentolamine. Application of the 
crude extract from the DUM neurones 
mimicked the stimulation of the DUM 
neurones. Bioactivity of the DUM extract 
to the increase in the basal tension 
was completely abolished by incubation 
with protease, suggesting that the peptide 
appears to act as a neuromodulator of 
the DUM neurones together with octopamine 
in the cockroach. 
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ODOR RESPONSES OF THE OLFACTORY RECEPTOR 
CELLS IN THE DUNG BEETLES. 

J.Inouchi and T.Shibuya. Inst. of Biol. 
Sci., Univ. of Tsukuba, Ibaraki. 


Odor responses of the single olfacto- 
ry receptor cells on the antennae in the 
dung beetles (G.auratus and C.pecuarius) 
were studied. The receptor cells could 
be divided two kinds of type(I,II) from 
the results of responsiviness to the 
each five chracteristic odors from cat- 
tle's dung (2-butanone,phenol,p-cresol, 
indole,skatole). Only 2-butanone was 
effective for type I cells. Type II 
cells responded not only to 2-butanone 
but to other four odors. Inspite of 
some receptor cells (type I) well re- 
sponded to 2-butanone, the discharges 
disappered or decreased by stimulus of 
othér four odor mixture. The receptor 
cells of type II responded to 2-butanone 
with other four odor mixture and also to 
the mixture alone. The EAG of antenna 
to 2-butanone decreased with additional 
stimulation of other four odor mixture. 
It is inferrred that these responses to 
2-butanone may be suppresed.with a mem- 
brane potential change triggered by 
other four odors. 
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MECHANISM TO FACILITATE COPULATORY 
BEHAVIOR IN THE MALE CRICKET 

H.Kitagaki and M.Sakai. Dept. of Biol., 
Fac. of Sci., Univ. of Okayama, Okayama. 


A decapitated male cricket elicits cop- 
ulatory movements reflexively to an arti- 
ficically applied tactile stimulus onto 
the cerci and tergite, if he is in state 
of sexual readiness. The movements can be 
ranked according to the response strength 
by comparing them with natural behavior. 
Octopamine(10‘M) has been found to facili- 
tate the copulatory response of the decap- 
itated male in sexual readiness. Electri- 
cal stimulation of the nerve cords at the 
cervical or thoracic level had a similar 
effect to octopamine. Phentolamine blocked 
the effect of electrical stimulation as 
well as octopamine. The experiments in 
which males had been exposed to various 
stimulus environments before decapitation 
indicated that decapitated male's response 
depends upon preceding courtship behavior 
itself, and neither visual nor chemical 
stimuli coming from a female do not con- 
tribute to the response. Together with 
those, it suggests that copulatory move- 
ments of the intact male may be controlled 
by octopaminergic neurons via activation 
of the decending command, pattern genera- 
tor neurons or both responsible for the 
male's courtship behavior. 
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EFFECTS OF ARACHIDONIC ACID FOR EGG DEPO- 
SITION IN CRICKET,GRYLLUS BIMACULATUS . 
M.Ishii and N.Ai. Dept. of Biol., Tokyo 
Gakugei Univ., Tokyo. 


Is seems to be in need of maturation of 
eggs and copulation to adult female cricket 
for egg deposition. On the period of scru- 
bing movement of ovipositors, P-II(pause in 
ovipositor movement )was extremely short ra- 
ther in mated than that in virgin. However, 
it could be shorten P-II period in unmated 
female by injection of PGE.,(Prostaglandin 
E5) for brief time (about 0-40 minutes). 

In this report, it was attempted to be 
clear that the maturity of egg inside of 
adult ovary might be acting as releasing 
element for oviposition, and also, copula- 
tion or treatment of arachidonic acid (pre- 
cursor of PGE,synthesis)should make accele- 
ration of de vé lopment in the genital system. 

In virgin cricket, injection of arachi- 
donic acid with contents taken out from 
spermatophore in adult male had induced re- 
duction of P-II as same as mated female's. 
But such a reduction had been disappeared 
in 30 minutes after injection. After inje- 
ction of precursor with spermatophore con- 
tents, virgin cricket arised acceleration 
of egg deposition. However, in maturation 
of egg and ovary, there was not any differ- 
entiation between mated female and virgin 
in spite of substance injection. 

Injected materials in this experiment 
have a role of the initiation of egg depo- 
sition, but not of ovarian development. 
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ROLES OF PGE. TO THE LATERAL OVIDUCT AND 
OVIPOSITION fn CRICKET, GRYLLUS BIMACULA- 
TUS. 

T.Chino, M.Ishii and N.Ai. Dept. of Biol., 
Tokyo Gakugei Univ., Tokyo. 


Peristalsis of lateral oviduct control- 
ed by neural elements has prevented eggs 
from transportation smoothly. And this mus- 
cle contraction in lateral oviduct clearly 
disappeared with releasing of egg deposi- 
tion in mated females. It had been mention- 
ed in mated one that PGE.concentration in 
haemolymph of female eriéket after mate 
was more increased than that of unmated fe- 
male. Motor pattern of scrubing movement 
in ovipositors had quite different from 
mated to virgin female's. Especially, P- 
II (Pause) became more short in mated fe- 
male rather than virgin. In this experi- 
ment, it was clearly observed that the st- 
ricture of lareral oviduct which arised in 
the the location of one to third from the 
common oviduct to the ovary for prevention 
of egg transport and deposition. In this 
area, local contraction always arised tigh- 
tly. And in the same portion,there was a 
little thitk muscle layer as circular one. 

Innervation from the lateral root of 
e terminal ganglion was observed by vi- 
1 stainning with methylene blue at the 
ricture area. Such a special location in 
teral oviduct always arised neurogenic 
ntraction continuously, but under treat- 
nt of PGE., this neurogenic contraction 
d been diSappeared completely. 
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PROPRIOCEPTORS IN THE BASE OF THE 
OVIPOSITOR OF A FEMALE CRICKET AND THEIR 
ROLES IN ITS OVIPOSITION BEHAVIOR. 
T.Sugawara. Dept. Biol., Saitama Med. Sch., 
Saitama. 


Two types of proprioceptive cells, type 
II cells and campaniform sensilla, were 
found in the basal part of the ventral 
valvula of the ovipositor of Teleogryllus 
commodus. Type II cells, located on the 
gate of the genital chamber (GC), were 
classified into two groups: stretch 
receptors in the upper part, and cells with 
diffused dendrites in the lower part. Both 
of them should be normally stimulated by an 
egg in GC. Artificial mechanical 
stimulation of either group evoked the 
change in the contraction pattern of the GC 
muscles. The evoked contraction seemed to 
be similar to the normal one observed when 
the egg was pushed out into the ovipositor 
channel, followed by deposition. The 
response of the stretch receptor was phasic 
at the beginning, then tonic through the 
stimulation. 

The dense company of campaniform 
sensilla, more than 40 cells, was located 
in the upper margin of the ventral valvula. 
They responded to the bending of the 
valvula; impulses increased by outward 
bending, and decreased by inward bending. 
The impulse frequency corresponded to the 
bending intensity. The sensilla apparently 
produce the presice information about the 
state of the ovipositor during penetration. 
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PRESENCE OF PROCTOLIN IN THE MALE 
ACCESSORY REPRODUCTIVE GLANDS OF CRIKET 
AND ITS FUNCTION. 

T.Kimura and T.Yamaguchi. Dept. of Biol., 
Fac. of Sci., Univ. of Okayama, Okayama. 


Either of proctolin (10 /°M) and 
glutamate (10 °M) caused a distinct tonic 
contraction of the muscles winding round 
the male accessory reproductive gland (AG) 
of the cricket (Gryllus bimaculatus). Low 
concentration (10°1°M) of proctolin poten- 
tiated the contraction in response to 
glutamate, but high concentration (10° °m) 
failed to do so. By contrast, 5-HT (107 °M) 
suppressed the contraction induced by 
proctolin. The studies using high perform- 
ance liguid chromatography and bioassay 
showed that proctolin is present in the 
normal AGs with the innervation of median 
neurons, whereas it is not present in the 
transplanted AGs which developed the 
muscles without the innervation of median 
neurons in the host. These studies also 
revealed that a certain amount of 
proctolin is detectable in the surrounding 
medium of AGs while the muscles in AGs 
contract tonically in response to high 
concentration of KCl. Therefore we con- 
clude that there is a proctolinergic 
system intrinsic to the median neurons of 
terminal abdominal ganglion and their 
peripheral targets. 
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METAMORPHOSIS OF FLIGHT MOTOR NEURONS IN A 
SILK MOTH, BOMBYX MORI: CHANGE IN THE SIZE 
OF THEIR SOMATA. 

H.Tsujimura. Laboratory of Biology, 
Tokyo University of Agriculture and Tech- 
nology, Fuchu, Tokyo. 


Motor neurons innervating the mesotho- 
racic dorsal tongitudinal flight muscles 
have specific size of somata. How does 
their specific size develop during meta- 
morphosis? Most of the motor neurons are 
formed during metamorphosis from those of 
larvae which innervate the mesothoracic 
dorsal longitudinal muscles by respecifi- 
cation. I stained their somata by Co?t 
back fill and measured their size at var- 
ious stages of metamorphosis. All of the 
paired neurons in the pro- and mesothorac- 
ic ganglion except a small one in the 
prothoracic gan-glion made no changes 
untill pupation and growed 2.5 to 3.5 
times larger than larval ones thereafter 
during metamorphosis. In contrast the 
soma of the unpaired neuron in the meso- 
thoracic ganglion decreased in its size in 
early metamorphosis and growed a little 
thereafter to 1.2 times larger than that 
of the larva. This suggests that there 
are different (at least two) mechanisms 
that control the specific size of neurons 
that innervate muscles. 
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RESPIRATION OF PUPAE IN THE TWO LEPIDO- 
PTERAN SPECIES 

A.Koenuma. Dep.Biol.Fac.Sci.Shinshu Univ. 
Matsumoto 


Respiration of pupae was observed by the 


"measurement system for photosynthesis". 
The system employed was the KMC-series 
produced by Koito Kogyo Inc. Pupae used 
for experiments were those of Samia cynth- 
ia pryeri and those of Anthereae yamamai. 
The respiration of pupae was able to be 
measured through the all life stages of 
one individual specimen. It was revealed 
that the respiration changed correspond 
to the pupal development. In Samia, the 
rate of respiration decreased rapidly 
after cocoon formation, then it decreased 
gradually after pupation, and it became 
very low level at 7 days after pupation. 
In this stage pupa was diapausing. The 
"pulse expiration" appeared in the stage 
after 3 days from the pupation. When the 
diapausing pupa was injected f-ecdysone, 
the rate of respiration increased corres- 
pond to the development of the pupa 
following the low level of respiration 
during about 2 weeks, but the "pulse expi- 
ration"disappeared just after the injec- 
tion. In Anthereae,the pattern of the 
change of respiration was as essentially 
equal as that of Samia, but in this case 
it lacked the diapause stage. The "pulse 
expiration" observed during the stage of 
the low respiration. 
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SEX-PHEROMONE RESPONSES IN THE 
DEUTOCEREBRUM OF THE MOTH, Mamestra 
brassicae. 

M.Watanabe. Dep. of Biol. Fac. of Liberal Arts, 
Univ. of Yamaguchi, Yamaguchi. 


Sex-pheromone which was extracted with hexane 
from the female moth, Mamestra brassicae, brought 
fluttering to the male moths. Olfactory thresholds 
of fluttering responses to sex-pheromone were 
studied on the 16L:8D photoperiod conditions, and 
concentration-response curves were drown. The 
concentration-response curves in light phase 
overlapped each other, but the curves in dark phase 
shifted to lower concentrations. 

Responses to sex-pheromone in the deutocerebrul 
neurons of the male moth were investigated in extra- 
cellular recordings. Their responses were divided 
into three response patterns. Type 1 neuron 
increase impulses during a stimulation. Type 2 
neufon increase impulses during and after a stimu- 
Iation. Type 3 neuron decrease impulses during a 
stimulation and often show phasic response after a 
stimulation. The neurons responded sex-pheromone 
were unimodal and multimodal neurons ( responded 
odor and air current ). Many recorded neurons 
functioned as olfactory generalists. Some deuto- 
cerebrul neurons responded to sex-pheromone of 
lower concentration than that brought fluttering 
response in light phase. 

Some deutocerebrul neurons were stained by 
intracellular injection of dye after physiological 
investigations. Local interneuron and output 
neuron were observed. 
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MEDIUM FOR IN VITRO SPERMIOGENESIS OF 
DIAPAUSING PUPAL SPERMATOCYTES OF MAMESTRA 
BRASSICAE (LEPIDOPTERA, NOCTUIDAE) 


T.Shimizu,S.Atsuzawa, C.Nobusawa and J. 
Pukami, Insect Physiology and Toxicology, 
The Institute of Physical and Chemical 
Research, Wako, Saitama. 


To investigate whether there is a factor 
in testes essential for spermatocyst 
development a "preculture medium" was 
prepared by cultivating intact diapausing 
Mamestra pupal testes in it for 5 days. 

The presence of the factor was assayed by 
observing whether diapausing spermatocysts 
placed in test media elongated and 
developed into spermatids. It was found 
that the basic medium did not support 
development of spermatocysts, while medium 
I, medium III and medium IV which were 
"precultured media" promoted spermato- 
genesis. The result suggested that 

an unknown testicular factor which promote 
spermiogenesis was released from the testes 
of Mamestra brassicae. 
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NEUROMUSCULAR JUNCTION OF THE LARVAL BODY-WALL MUSCLE 
IN DROSOPHILA---INTRACELLULARLY RECORDED EJP'S. 


1K.Yamaoka & *K.Ikeda. !Natur. Sci. Lab., Toyo Univ. 
Tokyo & Div. Neurosci., Beckman Res. Inst. of The 


City of Hope, California, U.S.A. 


Dipteran larval body-wall muscles have been believed 
to be electrically coupled between the corresponding 
muscles of the adjacent segments (Jan & Jan,'76; and 
Hardie,'78). The present study re-examines the neuro- 
muscular physiology of Dipteran larval muscles. The 
materials were the body-wall muscles 6A and/7A of 3rd 
instar larvae; 300ym long (6A and 7A), 90ym (6A) or 
50um (7A) wide and 20ym thick (6A and 7A) in relaxed 
size; resting potential, -60 to -90mV; and input 
impedance, 1.2 to 1.5M2. Hyperpolarizing current was 
injected to a muscle 6A. One of recording electrodes 
was inserted into that muscle, while the other into 
(1) the same muscle, (2) the 6A of the adjacent 
segment, and (3) theneighboring 7A. EJP's in response 
to nerve stimulation were recorded as well as mEJP's. 
No electrical coupling was recognized either between 
6A's or between 6A and 7A. No attenuation of the 
responses was observed between two electrodes placed 
120 and 240um apart in the same muscle. A recording 
electrode ina muscle cantherefore monitor all mEJP's 
originated from that muscle unaffected by those from 
other muscles. Instandard saline containing 1.8mM Ca 
and no Mg (14°C), the amplitudes of mEJP's were between 
0.1 and 4.0mV with a peak at ca. 0.25mV. In low Ca 
(1.0 to 0.9mM) andhigh Mg (40 to 50mM) , the amplitude 
of mEJP's was 0.25mV. This effect was reversible. In 
low Ca and high Mg, the amplitude of evoked EJP's 
distributed binomially. The unit size was ca. 0.25mV. 
This indicates that the quanta are apt tobe released 
synchronously in the normal ionic condition. 
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INFLUENCE OF LIGHT EXPERIENCE AFTER E- 
MERGENCE ON VISUAL PATTERN DISCRIMINATION 
IN THE FLY. 

K. Mimura. Nagasaki Univ., Fac. of Liberal 
Arts, Nagasaki. 


Pattern discrimination was tested 
through behavioural experiments using de- 
winged walking flies, Boettcherisca pere- 
grina, which after emergence were deprived 
of light and visual patterns. Deprivation 
of exposure to an usual light environment 
by the 4th day after emergence impaired 
the normal development of visual pattern 
discrimination without impairing photo- 
sensitivity. The characteristics of 
pattern discrimination were influenced by 
a striped visual pattern which flies ex- 
perienced for short-term period after 
emergence. Flies kept in a lighted, white, 
non-patterned environment could not dis- 
criminate visual patterns, as well as 
flies kept in continuous darkness. These 
results demonstrate that, even in the fly, 
for the normal development of visual 
pattern discrimination, not only a lighted 
environment but also the presence of a 
visual environment with a variety of 
patterns are indispensable for short-term 
period after emergence. 
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INITIATION OF FREEZING FROM THE ALIMENTARY 
CANAL IN THE FREEZE TOLERANT PREPUPAE OF 
TRICHIOCAMPUS POPULI (HYMENOPTERA: 
TENTHREDINIDAE) . 

K. Shimada. Institute of Low Temperature 
Science, Hokkaido University, Sapporo. 


Overwintering prepupae of the poplar 
sawfly, Trichiocampus populi, are tolerant 
to freezing at temperatures below -30°C. 
The prepupae freeze spontaneously at about 
-8.6°C. The high supercooling point and 
slow cooling rates are essential for winter 
survival of this species. Comparison of 
supercooling points between the intact and 
the isolated alimentary canals and differ- 
ential thermal analysis in the ligated 
prepupae strongly suggest that freezing of 
the prepupae initiates from the alimentary 
canal. The tissues and/or the contents of 
the anterior midgut are responsible for the 
initiation of freezing. Visual observa- 
tions with cinemicroscopy reveal that the 
first ice formation occurs within the 
anterior midgut near the junction with the 
foregut. Although it is still unknown what 
substance or structure is responsible for 
the ice nucleation occuring at about 
-8.6°C, the presence of the intestinal 
nucleators seems to prevent injurious 
imetnacellulanry:reez ang, 
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THE MECHANORECEPTION OF MANUBRIUM HAIRS ON 
PRETARSUS IN THE HONEY BEE. 

K.Aokil, S.Shigetal and H.Okumura’. lLife 
Sci. Inst., Sophia Univ., Tokyo, 2Dept. of 
Biol., Japan Women's Univ., Tokyo. 

Honey bees (Apis melifera) have five or 
six long spines which were named "Manubrium 
hairs" on the manubrium of pretarsus. The 
mechanoreception of these hairs was inves- 
tigated by means of electrophysiological 
and morphological methods. And then, the 
responses of honey bees to the substrate 
vibration were investigated by means of 
behavioral method. 

Nerve impleses were obtained from senso- 
ry nerve fibers of manubrium hairs with the 
vibration stimuli. (1)The response pat- 
terns of afferent mechanoreseptor activated 
axon were classified into four kinds of 
types of single spike response type, burst 
Spikes type, on sustained type and inhibi- 
tory type. (2)Frequency of impulse coin- 
cided with lower stimulus frequencies (l- 
100 Hz). However the response of nerve was 
not related to the stimulus frequency under 
the high frequencies stimuli. 

The structure of manubrium hairs was ex- 
amined with scanning electron microscope 
and transmission electron microscope. The 
micromorphological structure of these hairs 
correspond to the structure of the mechano- 


receptor which has been observed in the 
other insects. 
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DISTRIBUTION OF TERMINAL-PORED SENSILLA 
ON THE SURFACE AND THEIR CONTACT CHEMO- 
RECEPTION IN ISOPODA LIGIA EXOTICA 
T.Hatanaka . Dept. Biol., Fac. of Educ., 
Univ. of Chiba, Chiba. 


Cuticular surface of the terrestrial 
isopoda Ligia exotica was examined by 
means of scanning electron microscopy and 
Single unit responses of carapace sensilla 
to gustatory stimuli were recorded extra- 
cellularly. 

Three out of twenty one types of hair 
which were classified by their figure and 
size, were subapical pored sensilla. 
Their tip tubular hairs with pore werr 
common irrespectively their accessory 
structures. Tricorn-like sensilla which 
were supported by spoon-like folite plates 
and protected by several rised plaques 
were widely spreaded over the body surface 
except sternum and some appendage, while 
other two types of sensilla were localized 
on specific appendage. So these dominant 
tricorns may have important function. 

Various chemical stimuli and quasi- 
natural stimuli delivered to the carapace 
tricorn sensilla caused some neural 
responses. But their progreesively in- 
creasing response pattern, long latency 
and relatively low responsibility may 
indicates that some sensilla are not avail- 
able for contact chemoreception neverth- 
less their terminal pores. 
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DETECTION OF STOP AND START OF MOVEMENT IN 
THE POSTEROLATERAL EYES OF JUMPING SPIDERS 
S. Yamashital, M. Komiya2 and H. Tateda2. 
lpiol. Lab., Kyushu Inst. of Design, Fuku- 
oka and 2Dept. of Biol., Fac. of Sci., 
Kyushu Univ., Fukuoka. 


The turning reaction of the jumping 
Spiders, Hasarius adansoni and Plexippus 
paykulli, to on- and off-stimuli of fixed 
spots of lights placed in the visual field 
of the posterolateral eyes were studied 
under open-loop conditions. The spider was 
held rigidly in space by a glass tube waxed 
to the prosoma, and given a ring to hold. 
The spiders responded to single off- and to 
Single on-stimuli at single positions. The 
responses to off- and on-stimuli were the 
greatest when a spot of light had a sub- 
tended aperture of about 0.7°-1.3° at the 
eyes. These results show that both a sin- 
gle off-stimulus and a single on-stimulus 
of one or a few photoreceptors are suffi- 
cient to evoke the turning reaction of the 
jumping spiders. The responses to the 
offset and the onset of illumination in- 
creased with increases in both durations 
of stimulations and rates of changes in 
light intensities. It is concluded that 
the spiders can detect stop and start of 
movement. 
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MOVEMENT DETECTION IN THE POSTEROLATERAL 
EYES OF JUMPING SPIDERS. 

M. Komiyal, S. Yamashita? and H. Tatedal. 
Ipept. of Biol., Fac. of Sci., Kyushu 
Univ., Fukuoka and 2Biol. Lab., Kyushu 
Inst. of Design, Fukuoka. 


The turning reaction of the jumping 
spiders, Hasarius adansoni, Plexippus pay- 
kulli and Menemerus confusus, elicited by 
objects moving across windows in the visual 
field of the posterolateral eyes were 
studied under open-loop conditions. The 
objects were moved horizontally in the 
region of 1.2 - 33 deg/sec. We found that 
the spiders could detect fast moving, slow 
moving, approaching and receding objects. 
For detection of fast movement, sequential 
off/off- or on/on-stimuli of two or more 
receptors were necessary. The most suit- 
able velocity was about 6.4-8.4 deg/sec. 
In détection of slow movement, off/on- 
stimuli of a single receptor were success- 
ful, and sequential stimuli of two or more 
receptors enhanced the response to the slow 
movement. The response increased as the 
velocity of movement decreased, at least, 
within the range of velocity tested. The 
spiders also responded to an increase in 
subtended area of an object and to a de- 
crease in the area. It is concluded that 
the spiders can detect approaching and 
receding objects. 
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INTRACELLULAR RESPONSE OF THE TEMPORAL 
ORGAN. 

K. Yamana and Y. Toh, Dept. of Biol., Fac. 
of Sci., Kyushu Univ., Fukuoka. 

The temporal organ of the Japanese house 
centipede occurs on the head between the 
base of the antenna and the pseudo-compound 
eye. There are about ten receptor cells in 
the temporal organ, and all receptor cells 
respond sensitively to carbon dioxide: 
they spontaneously discharge impulses, 
which are suypressed by a carbon dioxide 
stimulation. 

Intracellular recordings have been 
carried out in the temporal organ in order 
to study the primary process of the carbon 
dioxide reception. The membrane potential 
of the receptor cell is -41.049.1 mv (n= 
38). The receptor cell responds to carbon 
dioxide stimuli with graded hyperpolarizing 
receptor potentials, which result in 
decreases of impulse frequencies. The 
decreases of steady-state impulse 
frequencies are in proportion to the 
amplitudes of recep tor potentials. During 
hyperpolarization by carbon dioxide 
Stimulation, an input resistance of the 
receptor cell increases. A reversal point 
of the receptor potential is at more 
positive potential level than the resting 
membrane potential. These results suggest 
that a hyperpolarizing receptor potential 
to carbon dioxide stimulus is caused by a 
decrease in permeability to ions whose 
equilibrium potential is more positive than 
the resting potential. 
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HEAMODYNAMICS IN THE PERFUSED HEART OF THE 
LOBSTER: EFFECTS OF CONTRACTURE OF THE 
CARDIOARTERIAL VALVES. 

T. Kuramoto. InsG.s ObsBdol. Scie, cUniv. 
of Tsukuba, Ibaraki. 


Dynamic changes in internal pressure of 
the lobster heart was studied by a physi- 
cal mode! using a pulse generator and an 
electric circuit. There are six ostia and 
Six cardioarterial valves ( five anterior 
and one posterior ) in a lobster heart. 
Each of the ostia and the valves’ prevents 
reverse blood flow and further resists the 
cardiac in- or out-flow with its contrac- 
tion. Therefore the ostia and valves were 
represented by diodes ( 1S1588 ) and vari- 
able resistors (e.g. 1 - 20 or 50 K ohm). 
Direct currents changed by a variable 
resistor were supplied to the heart of 
model as the perfusion solution. Square 
pulses (1V, 0.2 S, 1 Hz ) transformed by 
passing through a capacitor ( 470 pF) were 
utilized as the heartbeat and were super- 
imposed on the DC potential in the heart 
of model. A couple of capacitor (220 pF) 
and resistor (10 K ohm) was used as a sub- 
stitute for the elastic component of the 
cardiac muscle fibers. The potential in 
the model simulated well the pressure in 
the heart or the posterior artery observed 
previously. The model suggests that the 
pressure in the heart raised by contrac- 
ture of the valves is inverse proportion 
to the amount of decrease in the systolic 
pressure in each of the arteries. 
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SOCIAL BEHAVIOR OF AMOEBA PROTEUS (I). 
H. Horikami and K. Ishii. 
Biol. Lab., Hosei Univ., Tokyo. 


Tracks of Amoeba proteus, strain G, by dark field 
strobo-flash photomacrography were analysed to in- 
vestigate their interactions. 

1) In physiological saline in the dark most of the 
isolated amoeba draw roughly a gentle arc for 20 
min. Their tracks were divided for convenience into 
right curved (R)- (67%), left curved (L)- (6%), rec- 
tilineal (RL)- (4%), and winding (W)-type (23%). 
2) The ratios of each type in a group of the G are 
as follows; R-37%, L-33%, RL-12%, and W-18%. 

3) Mixtures of another strain with the G bring about 
not only conspicuous increase in W-type (43%) but 
also appearance of circling-type (10%). 

4) After two cells in the G met with each other, 
they advance side by side at same step for some min 
(max, all during the experimental time). On the 
other hand, when one cell meets with a trail of ano- 
ther within 6-8 min, the track of the cell was found 
to be parallel to the trail. 

5) Prom these results, it became clear that the 
track of the isolated cell in the strain G has a 
tendency to curve to the right in the dark, and that 
the individual behavior in a group interacts each 
other probably due to chemical information. 


864 


PH" 25 


EFFECTS OF TEMPERATURE ACCLIMATION ON THE 
CONTRACTILE VACUOLAR ACTIVITY AND OSMOTIC 
RESISTANCE OF PARAMECIUM CAUDATUM. 
K.Ikeda and H.Tsukuda. Dept. of Biol., 
Fac. of Sci., Osaka City Univ., Osaka. 
ne eee 
Paramecium caudatum cultured at 10°C 
or 25°C for more than two months. The 
activity of contractile vacuole (c.v.) 
and the osmotic resistance were examined 
of them in relation to thermal acclima- 


tion. In the lower range of osmorality 
(0-30mM sucrose), ElNe = SoWo activity 
depended on the test temperature, while 
in the higher range of osmorality (40- 
70mM sucrose), it depended on the 
osmorality. The relation between the 
osmotic resistance determined by the 


Survival ratio and the time course was 
expressed: 

S=c[exp(-at)-1]+100 
where S: survival ratio; t: time; c & a: 
constants. The c-value depended neither 
on acclimation temperature nor on test 
temperature, while the a-value increased 
with rising test temperature and was 
larger in the 10 °C-acclimated paramecia 
than in the 25°C-acclimated ones. The 
difference between acclimation tempera- 
tures was also found in the osmotic 
resistance-osmorality relation. These 
results indicate that osmotic responses 
as well as thermal responses are affected 
by temperature acclimation. 
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THE EFFECT OF PIGMENT EXTRUSION ON PHOTO- 
PHOBIC RESPONSE IN BLEPHARISMA 

K. Taneda and T. Suzuki. Dept of Biol., 
WAS OH Seis, Ixoclmal Wily, IKoclas 
Photophobic response in Blepharisma japon- 
icum was examined by making behavioral re- 
cordings of individual cells. Experiments 
were carried out to ascertain the correla- 
tion between photophobic response and pig- 
ments. The photophobic response of the in- 
dividual cell was recorded after ice-water 
treatment (4°C) for a desired period of 
time. The sample was then photographed 
with the aid of a microscope at 1500x mag- 
nification. The number of pigment granules 
within an area of 100 uwm* were counted. 

The magnitude of photophobic response and 
the number of pigment granules were plotted 
as ordinate and abscissa, respectively. 

The magnitude of the response decreased 
with decreasing numbers of granules within 
the range below 100 counts, whereas it was 
nearly constant above 100 counts. When 
pigment-extruded cells were introduced into 
K-rich medium, they showed the same long- 
lasting ciliary reversal as intact cells. 
When pigment-extruded cells were cultured 
for 20 hrs, the magnitude of response as 
well as the number of pigment granules re- 
covered to the normal level. Results from 
the cell treated with EDTA (50 uM) were 
Similar to those from the cell treated with 
ice water. Present evidence suggests that 
the receptor inducing photophobic response 
in this species is the pigment called 
blepharismin. 
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COMPARISON OF THE CYTOPLASMIC MOVEMENT AND 


THE MEMBRANE EXCITATION BETWEEN THE ADULT 
AND THE YOUNG NOCTILUCA CELLS. 

1, WewweNeelo: IBLOIl>. lMnSits PAG. Sel. p Honolkxu 
Univ., Sendai Japan 


The cytoplasmic movement of Noctiluca i 
different at the cellular stages: The cyto 
plasm of the adult cells (a-cell) moves 
actively in a sulfate-free seawater (SSW), 
DUE that OF che youngmcellism (y—cells) i amatstae 
a binary fission, does not move. I examine 
whether the electrical properties of the 
y-cells differ from that of the a-cells or 
not. 

The a-cells immersed in the SSW changed 
the membrane potential from a spontaneousl 
reccurring one to a stably long-lating 
hyperpolarizing one. The potential level 
was ca.-85 mV and was dependent on the ext 
ernal Cl’. The comparable potential change 
could be also found in the y-cells. In 
addition, a local membrane current was 
measured by a vibrating electrode. When 
the membrane was hyperpolarized, a large 
jon current flowing toward the cytoplasm 
was found in both the a-cells and the,y- 
221 eSc The current was carried by Na and 
Ca 

Thus, the electrical responses of the y 
cells to the SSW were almost similar to 
those of the a-cells.- Therefore, no cyto— 
plasmic movement in the y-cells suggests 
that their motile system itself is not 
still constructed completely. 


ACTION SPECTRA FOR PHOTORESPONSES IN 
BLEPHARISMA JAPONICUM 
T. Matsuoka and Y. Naitoh. Inst. of Biol. 
Sci., Univ. Tsukuba, Ibaraki. 
Localized application of light to ‘theyecell 
2 surface of Blepharisma japonicum revealed 
ia that a step-up photophobic response (UPR) 
due to a transient ciliary reversal was 
produced only when the light was applied to 
x the anterior portion of the cell, while an 
d acceleration of forward swimming velocity 
(photoorthokinetic response; PKR) and an 
elongation of the posterior half of the 
cell (CER) were produced by the application 
of light anywhere to the cell surface. In 
Y order to examine photreceptor systems re- 
sponsible for these three kinds of photore- 
sponses, an action spectrum for each re- 
sponse was determined. Interestingly these 
2 three action spectra showed a rather broad 
single peak at a common wavelength of 520 
nm. External application of Ca channel an- 
tagonists, such as La and Mn, inhibited the 
UPR. External application of K channel ans 
hibitor, TEA, suppressed both the PKR and 
the CER, whereas exerted no effects on the 
UPR. These results suggest that a single 
kind of hypothetical photosensitive pigment 
is present in the cell. The pigment mole- 
cules are assumed to be combined with Ca 
channels to form a photoreceptor complex 
responsible for the UPR. A complex of the 
pigment with K channels might be respon- 
sible for both the PKR and the CER. 
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STEPWISE SLIDING DISINTEGRATION OF 
TETRAHYMENA CILIARY AXONEMES BY HIGHER 
CONCENTRATION OF ATP. 

M. Suzuki and T. Miki-Noumura. Dept of 
Biol. Ochanomizu Univ., Tokyo 

We examined further some points in pre- 
vious study on the stepwise disintegration 
of Tetrahymena ciliary axonemes by ATP. 

Degree of disintegration, that is, the 
number of extruded doublets was found to 
be proportional exponentially to the 
square of degree of turbidity decrease. 
The exponential proportionality supports 
our previous report that extrusion of only 
one or two doublets from axoneme caused 
around 50% decrease in turbidity 

Some tendency in the positional number 
was found the extruded doublet at phasel 
pene NO.5,4 or 7,8 doublets in the 
axonemes. 

Addition of only 40uM ATP or 40uM ATP 
with ATP regenerating system to axoneme, 
did not induce 100% decrease in turbidity 
in the process, while 40uM ATP with 60uM 
ADP induced 100% decrease. Comparision of 
each the course of ATP decrease, suggests 
that ATP decrease with some rate might be 
required to get 100% decrease, the couple 
sliding disintegration. 

We determined quantitatively conc. of 
ATP am intact cilia using Luciferin- 
Luciferase system and found conc. of ATP 
to be about 150uM in intact cilia. This 
results suggests that our previons results 
reflected in the ciliary bending motion in 
vivo of the living tetrahymena. 
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EFFECTS OF VANADATE AND cAMP ON THE 
REORIENTATION RESPONSE OF CILIA IN TRITON- 
GLYCEROL-EXTRACTED PARAMECIUM CAUDATUM 

M. Noguchi 

Dept. of Biol., Fac. of Sci., Toyama 
Univ., Toyama. 


Both the anterior and the posterior 
responses produced by 50 pM Mg2+ were 
inhibited up to 50% by 20 pM vanadate. 
Therefore, it is conjectured that both 
orientation responses are caused by 
interaction between dynein and tubulin 
of the outer doublets in the cilia. 

In order to examine the effect of 
cyclic nucleotides, successive treatments 
of models were performed. The models were 
pre-treated by Ca-Mg-ATP containing test 
solution to make the pointing direction 
of their cilia towards the anterior once. 
Further addition of cAMP or cGMP to the 
test solution affected the orientation of 
the cilia. The anterior oriented cilia 
then pointed towards the posterior, though 
the Ca2+ concentration was still above 
10-© M. The cyclic nucleotide induced 
posterior responses were also inhibited 
by vanadate, so that only an incomplete 
posterior response took place. In the 
presence of vanadate, the cAMP induced 
incomplete posterior response were 
completed by further addition of EGTA. 
These results ric age that the action of 
the removal of Ca“+ by adding EGTA and the 
action of cyclic nucleotides are additive 
on inducing the posterior response. 
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ROLES OF cAMP IN THE CILIARY MOVEMENT 
OF FORWARD SWIMMING 

OF PARAMECIUM TRITON-EXTRACTED MODEL 
A.Izumi and Y.Nakaoka. Dept. of Biophys. 
Engineering, Fac. of Engineering Sci., 
Osaka Univ., Toyonaka 


Wher Paramecium Triton-extracted model 
was further treated with 0.5M sucrose/2mM 
EDTA, the model could not swim forward and 
rocked in place, even in the absence of 
Ca ion. The cilia of this sucrose-treated 
model showed cone-shaped beating with 
almost straight form, therefore effective 
and recovery stroke were not distinguished. 
The axis of this cone were nearly perpen- 
dicular to cell surface. 

In the presence of cAMP(or cGMP), the 
sucrose-treated model could swim forward. 
At this time, the cilia beat with normal 
beat cycle that consists of effective 
stroke with almost straight form and 
recovery stroke with bend propagation, and 
directed backward through beat cycle. 

Beat frequency did not increase in the 
presense of cAMP(or cGMP). 

The results suggest that cAMP(or CGMP) 
makes normal beat cycle in forward 
swimming of Paramecium Triton-extracted 
model. At rans 

Recently we succeeded preparating ATP- 
reactivatable isolated cilia model. This 
model could run only in the presence of 
CAMP (or CGMP). 
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NEURAL ORGANIZATION OF THE DORSAL OCELLAR 
SYSTEM OF THE COCKROACH. 

Y. Toh. Dept. of Biol. ,..Fac., Of-SCis, 
Kyushu Univ., Fukuoka. 

The structure of the dorsal ocellar 
system has been examined in the American 
cockroach. The ocellar retina contains 
more than 10,000 retinular cells, whose 
axons converge synaptically upon three to 
five thick second order neurons (L- 
neurons) in the ocellar neuropil. Ef- 
ferent processes containing dark vesicles 
also synapse with L-neurons in the ocellar 
neuropil. Additional synapses, i.e., 
feedback synapses of L-neurons, and 
reciprocal synapses between retinular 
axons, are also found, infrequently. Most 
retinular axons terminate within the 
ocellar neuropil, but some extend into the 
ocellar nerve. The ocellar nerve contains 
3-5 L-neurons, 20-30 retinular axons, a few 
efferent processes, a few cored-vesicle 
containing processes, a distal extension of 
the thick third order process and through 
fibers extending to the ventral nerve cord. 
Synapses occur among these processes, the L- 
neurons being pre- and postsynaptic to 
Surrounding thin processes throughout the 
ocellar nerve. These results suggest that 
the ocellar nerve is also a synaptic 
region, but differs functionally from the 
ocellar neuropil. The ocellar neuropil 
appears to be an input region for the L- 
neurons, whereas the ocellar nerve appears 
to be an output region, where local inter- 
actions occur among many types of neurons. 
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SYNAPTIC TRANSMISSION BETWEEN THE SECOND- 
AND THIRD-ORDER NEURONS OF COCKROACH OCELLI 
M. Mizunami , H. Tateda , and K. Naka. 
Dept. of Biol., Kyushu Univ., Fukuoka, Div. 
of Sensory Process., Nat'l. Inst. for Basic 
Biol., Okazaki. 

The transmission characteristics of the 
synapses between the second order neurons 
(L-neurons) and the third order neurons of 
cockroach ocelli have been studied by 
comparing their responses to light stimuli, 
or by injecting currents into the L-neruons 
and monitoring potential changes in the 
third order neurons. When the L-neurons 
were depolarized, the third order neuorns 
depolarized liniarly. When the L-neurons 
were hyperpolarized, the third ecrder 
neurons hyperpolarized and then saturated. 
In light-adapted condition, both neurons 
hyperpolarized compared to the dark-adapted 
level. When the intensity of sustained 
illumination increased, the level of hyper- 
polarization of both neurons increased and 
then saturated. The results show that L- 
neurons continually release excitatoty 
transmitters onto the third order neurons 
in dark or dim light condition, and the 
increase or decrease in the rate of release 
of transmitters from L-neurons causes 
depolarizing or hyperpolarizing responses 
in the third order neurons. 

The Responses of L-neurons and the third 
order neurons to sine-wave modulated light 
were compared. The gain of transmission 
was almost constant at DC- 1Hz, and was 
larger at higher frequency range by 15-30%. 
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MULTIMODALITY OF THE THICK OCELLAR SECOND 
ORDER NEURONS IN THE COCKROACH. 

T. Ohyama and Y. Toh. Dept. of Biol., 
Fac. of Sci., Kyushu Univ., Fukuoxa. 

The Insect dorsal ocellus is connected 
with the brain by a single ocellar nerve, 
which consists of several thick second 
order neurons (L-neurons) and some thin 
processes. The L-neurons respond to the 
ocellar illumination with graded 
hyperpolarization and off-spikes. It is 
found in the present study that the L- 
neurons of the cockroach Periplaneta 
americana respond to various sensory 
stimuli in addition to ocellar illumination 
as follows; illumination to compound eyes, 
touch and air puff to antennae, air puff 
to cerci, vibration to legs, and 
forced/spontaneous wing beats. These 
sensory stimulations cause spike discharges 
in some neurons in the brain, which are 
referred to here as M-neurons. Each M- 
neuron responds to all of these stimuli. 
Since the M-neurons send their axons 
towards the ocellar neuropil through the 
ocellar nerve, their discharges can be 
recorded from the ocellar nerve. The spike 
discharges of M-neurons depolarize the L- 
neurons and sometimes cause a few spikes in 
the L-neurons. These effects of the M- 
neurons upon the L-neurons are similar to 
that of reducing ocellar illumination. It 
seems that the L-neurons of the cockroach 
function not only as the second order 
neurons of ocellar system but also as CNS 
integrative multimodal neurons. 
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CONTROL OF MEDULLA NEURON DISCHARGE BY THE 
RECEPTIVE FIELD SURROUND IN THE SWALLOWTAIL 
BUTTERFLY LARVA. 

T. Ichikawa. Dept. of Biol. , Eac Of sere, 
Kyushu Univ., Fukuoka 


Many medulla neurons in the swallowtail 
butterfly larva have "center-surround” 
receptive fields: they receive strong input 
from one particular stemma (center) and 
weak antagonistic input from other stemmata 
(surround). Functional roles of the recep- 
tive field surround were examined by com- 
paring the activity of the medulla neurons 
in the presence of center illumination with 
that in the presence of center and surround 
illumination. 

The surround illumination reduced the 
increased rate of maintained discharge 
caused by illumination of the center of on- 
center cells or increased the decreased 
rate of the discharge caused by illumina- 
tion of the center of off-center cells. 
These surround effects had functional roles 
in suppression of saturation of the firing 
rate and extension of the luminance range 
in which the neurons could work. The 
surround illumination also reduced the 
variance of the firing rate as well as the 
fluctuation of the membrane potentials of 
both on- and off-center cells. The surround 
did not cause any significant drop in the 
incremental and decremental threshold of 
the center responses. 
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METABOLISM OF A VISUAL PIGMENT CHROMOPHORE 

OF Drosophila melanogaster. 

Wo Sell’, So wwssiSlawiea’, IM. Ito2, N. Matsu- 

oka“, C. Kobayashi~ and kK. Tsukida2. Dept. 

of Health Sci., Osaka Kyoiku Univ., Osaka, 
Kobe Women’s College of Pharmacy, Kobe. 


A fruit fly, Drosophila melanogaster, 
was examined if it forms the visual pigment 
chromophore in the dark. Retinoids in the 
heads of the flies reared successively in 
the dark (D-flies) were extracted in the 
dark by the oxime method and analyzed on a 
HPLC system. Using a stepwise eluent, 15% 
ether-0.15% ethanol in hexane for 10 min 
followed by 50% ether-0.5% ethanol in hex- 
ane, four main peaks appeared. Comparing 
the elution profile with those of synthe- 
sized 11-cis and all-trans 3-hydroxyretinal 
(30HR) oximes, the peaks were identified 
with syn 11-cis, syn all-trans, anti all- 
trans and anti 11-cis 30HR oximes in order 
of appearance. The amount of 11-cis 30HR 
in a head of D- or L-flies reared on a Car- 
penter medium supplied with kinako (soybean 
flour) was 0.8-0.9 pmoles. When they were 
reared without kinako, the amount decreased 
to ca. 0.015 pmoles. The flies must have 
formed 11-cis 30HR even in the dark from 
lutein or a-carotene contained in kinako. 

All-trans 30HR was present in the heads 
of not only L- but also D-flies. When the 
heads were homogenized in a phosphate buff- 
er at pH 6.8, 0.2-0.4 pmoles/head of the 
all-trans 30HR disappeared, but 11-cis 30HR 
GaidGnoits Exogenous all-trans retinal was 
not affected in the homogenate. 
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Structure and function of the compound 
eyes of Drosophila melanogaster cultured 
in darkness for about 800 generations. 
E.Eguchi and K.Arikawa. 

Biol.Dept. Yokohama City Univ. Yokohama. 


The compound eyes of Drosophila cultur- 
ed in darkness for 796 generations ("dark- 
fly") have normal or super normal rhabdom 
structures when fixed under darkness. 

They show severely damaged rhabdom struc- 
tures(especially of R1-R6) when exposed 
to bright light of 2500lux for longer 
than 3 days. The same result is obtained 
in flies of 600 generations under darkness 
(1980). The present observations reveal 
that if the "dark-flies" were exposed 

to light during the pupal stage, their 
rhabdoms stay normal even if exposed 

to bright light. If "dark-flies" were 
cultured under monochromatic lights 

of equal photon content: UV(360nm) and 
green light(500nm) for 3 to 6 days, 

the rhabdoms of the flies exposed to UV 
were more seriously damaged than those to 
green light. 

V-log I curves were obtained by the ERG 
method from eyes of normal flies, dark 
adapted "dark-flies" and light adapted 
"dark-flies"with damaged rhabdoms. It was 
found that between the different groups 
there were no significant differences in 
absolute thresholds, slope of the dynamic 
ranges and amplitudes of Vmax. 


* 
Eguchi & Ookoshi. Ann.Zool.Jap.,54,113-124 
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A GENETIC STUDY OF INOSITOL TRISPHOSPHATE 
INVOLVEMENT IN PHOTOTRANSDUCTION USING 
DROSOPHILA MUTANTS. * 

H.Inoue, T.Yoshiok and Y.Hotta. Yokohama 
City Univ., Sch. of Medicine, Yokohama, 
*Paculty of Sci., Univ. of Tokyo, Tokyo. 


Phosphatidylinositol 4 ,5-bisphosphate 
phosphodiesterase activity was found to be 
almost absent in the compound eyes of 
Drosophila visual mutant, norpA (no 
receptor potentials A). We compared the 
enzyme activities among independently 
isolated norpA alleles, each having a 
different degree of the vision defect. A 
close correlation was found between the 
size of receptor potentials (electro- 
retinogram), phototactic behavior and the 
enzyme activity. The correlation exists 
not only among alleles, but also in a 
Single, temperature-dependent allele under 
different bleeding temperature; the enzyme 
activity of flies kept at 18 Cc 
(phototactic) was about five times higher 
than that of the ones kept at 28 C 
(blind). Ohter transduction proteins such 
as GTP-binding protein and Ca-phospholipid 
dependent protein kinase (C-kinase) are 
not deleted in the phototransduction 
mutant. These results suggest that 
hydrolysis of phosphatidyl-inositol 4,5- 
bisphosphate is involved in phototrans- 
duction process in Drosophila eyes. 
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COMPARISON OF CHROMOPHORE OF FLY VISUAL 
PIGMENTS AMONG DIFFERENT RETINULAR CELL 
TYPES WITH DROSOPHILA VISUAL MUTANTS. 


K. 1sono .T.Tanimura’ and Y.Tsukahara . 

R.C.A.1.S.,Tohoku Univ.,Sendai, Div. of 

Behavior and Neurophys., Natl. Inst.for 
Pasir te Gnomon 


Chromophore of visual pigments’ of 
retinular cells was investigated by HPLC 
with Drosophila visual mutants. Head ho- 
mogenates were illuminated with a mono- 
chromatic light followed by oxime forma- 
tion and extraction.In wild type flies a 
reversible increase of all-trans(T) or 
ll-cis(C) 3-hydroxyretinaloximes was Ob- 
served by blue and orange illumination, 
respectively.This and following evidence 
suppports that C and T originate from 
R480 and M580,respectively,of RI-R6. The 
mutant,ora, (R7 and R8& intact) showed a 
dramatic decrease of the oxime amount. 
UV illumination increased T while blue 
or longer wavelength increased C. A dou- 
ble mutant,sev:ora(R8 intact) ,showed 
a greater reduction of the oxime amount 
than in ora. The spectral dependency of 
C/C+T ratio showed only a small increase 
toward longer wavelength.Reversible iso- 
merization of C and T in these mutants 
seemed to reflect rhodopsin and meta- 
rhodopsin interconversion of R7 and R8 
visual pigments. Thus all three types of 
fly retinular cells were shown to con- 
tain pigments in which 3-hydroxyretinal 
is the prosthetic group. 
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A MUTANT WITH RHABDOMERES REDUCED IN 
NUMBER IN THE HOUSEFLY, MUSCA DOMESTICA. 
T. Fukushi. Dept. Biol., Miyagi Coll. 
Educ., Sendai. 


In a mutant stock (w bwb pw) of the 
housefly, Musca domestica, individuals 
with the rhabdomeres reduced in number 
and disordered in their arrangement were 
found by using techniques of optical 
neutralization of the cornea and of the 
deep pseudopupil (for review see 
Franceschini, 1975). This abnormality 
was tentatively called as Dar. Flies 
chosen randomly from the mutant stock 
were individually mated with wild-type 
flies and the offsprings were examined 
in the rhabdomeres. Three types of 
segregation data were obtained; (1) all 
flies of the progeny have normal eyes, 
(2) about half of the progeny has normal 
eyes and other half has Dar eyes and (3) 
all have Dar eyes. The cross between Dar 
flies obtained from the experiment 
mentioned above and wild-type flies 
produced normal flies and Dar flies in 
the ratio of 1:1. The cross between Dar 
flies obtained from the experiments 
mentioned above produced normal flies, 
Dar flies and severely Dar flies, which 
have irregularly arranged and fused 
facets, in the ratio of nearly 1:2:1. 
These results suggest that Dar phenotype 
is a genetic character and Dar gene is 
single and incompletely dominant. 
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POLARIZATION SENSITIVITY IN THE 

RETINULAR CELLS OF LIGIA EXOTICA 
T.Hariyama and Y.TSukKahara 
Research Center for Applied Information 
Sci., Tohoku Univ., Sendai . 

The ommatidium of Ligia consists of 
seven retinular cells With open rhabdo- 
meres and an eccentric cell.Distal rhab- 
domeres,however,fuse each other and form 
fused rhabdom. The axial direction of 
microvilli of R1I,R4 and R5 is’ parallel 
to the herizontal axis of the eye throu- 
ghout the rhabdomere length. R2,R3,R6 
and R7 contain rhabdomeres whose direc- 
tion of microvilli gradually get twisted 
toward proximal region 

Intracellular recordings followed |= by 
Lucifer injection were carried out :\to 
identify spectral and polarization, sen- 
sitivity of each cell type. It was .found 
that R4 has the maximum sensitivity at 
340 nm (UV cell) and R5 has its maximum 
at 460 nm( blue cell). Other cells with 
larger rhabdomeres showed the maximum at 
520 nm ( green cell). 

Different values were obtained’ for 
the polarization sensitivity(PS) depend- 
ing on the retinular cells. PS of R1, R4 
and R5 whose microvilli are not twisted 
waS about 2. PS of the rest of four 
twisted cells were about 1.2. 

The low values of PS in Ligia are 
compared and discussed with some other 
crustacean retinular cells where much 
higher values of PS was obtained. 
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ANALYSIS OF MEMBRANE PROPERTIES IN INTACT 
RODS OF THE FROG RETINA. 

K.-I. Takahashi and M. Murakami, Dept. 
Physiol.) /Keio Unive  sicha Medaelolky.o:. 


In order to elucidate electrical pro- 
perties of the rod membrane, effects of 
intracellularly applied current pulses 
were examined in intact rods of the bull- 
frog, Rana catesbeiana, and electrically 
evoked responses were analyzed by applica- 
tion of ion channel blockers. In normal 
Ringer solution, the rod membrane showed 
marked outward rectification at a depo- 
larized level and inward one when the cell 
was hyperpolarized. Each rectification 
was significantly suppressed by exposure 
of the retina to TEA and Cs, respectively. 
This result suggests that, in addition to 
the Ca current activation reported at the 
previous Meeting, a voltage-dependent K 
current and probably h current are present 
in the rod membrane. Furthermore, the 
membrane potential in the dark depolarized 
in the presence of TEA and hyperpolarized 
aa) (Ge) slo lNelieayerni, © Oj ici C@joicicenay, teine (CS 
application increased the amplitude of the 
photoresponse remaining the membrane pot- 
ential in the dark unchanged. Considering 
these results together with the membrane 
rectification, it is suggested that these 
ionic currents normally operate to regu- 
late the rod membrane potential level in 
the dark so as to produce light-induced 
photoreceptor potentials with a greater 
efficiency. 
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MORPHOMETRICAL STUDY ON THE DISC INCI- 
SURES OF FROG ROD OUTER SEGMENTS 
Y.Tsukamoto. Dept. of Anat., Hyogo Coll: 
of Med., Nishinomiya. 


When frog retinas are treated with 
Tris buffer after osmium fixation, the 
disc surface membranes disappear while 
the edges of disc circumference and inci- 
sures remain not dissolved. This Falk and 
Fatt's observation has been positively re- 
examined. Their finding indirectly indi- 
cates some differences in membrane compo- 
nents between the edges and the surfaces. 
The quantitative description on the num- 
ber and depth of disc incisures in the 
bullfrog rod outer segments has been car- 
MiSCl OWNS. Especially, changes in the 
length of dise incisures near the base of 
the red rod outer segment have been exam— 
ined using 40 serial ultrathin sections. 
On the average, the incisure length in- 
creases as the discs depart from the out-— 
er segment's base and reaches a plateau 
Of 2.5 pm as far as) (80) dwscs eamommarade 
outer segment's base. However, the disc 
incisures are sometimes shorter at the 
distal sections compared with the prox- 
imal sections. In these cases, the inci- 
sures have a tendency to change their 
courses. It seems likely that edge-form- 
ing particles get together to elongate 
the incisures through random movements in 
the fluid disc membranes after disc forma- 
WILOMo 


PH 44 


CULTURED HORIZONTAL CELLS FROM THE CATFISH 
RETINA 
S. Hidaka! , K.-1. Naka! and J.E. Dowling. 
Natl. Inst. for Basic Biol., Okazaki and 
Biol. Lab., Harvard Univ., Cambridge, USA. 
—<—$$$_$_—$—$———_—_————— 
Isolated catfish retinas were incubated 
in Leibowitz's (L-15) tissue culture medium 
containing 1.2 mg/ml of papain activated 
with L-cysteine. After washing, the cells 
were dispersed by tituration and maintain- 
ed in L-15 medium. Within the first few 
days in culture, the perikarya typically 
withdraw some of their dendritic processes, 
but then they send out new processes by day 
3 or 4. Mainly these new processes extend 
to neighboring horizontal cells over dis- 
tances of up to 100 um. By day 7-10, 
clusters of newly connected horizontal 
cells are frequently observed. We observed 
junctional areas under electron microscope 
and found two types of junctions: one is 
what appears to be a gap junction which is 
the common feature of cone horizontal cell 
in intact retina and through which horizon- 
tal cells are electrically coupled. The 
other is a specialized junction which 
appears to be similar to the junctions made 
between the cone and cone horizontal cell 
dendrites in the receptor terminal. By day 
20, most of cells in the retinal culture 
except for the horizontal cells have dis- 
appeared. The horizontal cells, on the 
other hand, survive for up to 60 days. 
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BIPOLAR-AMACRINE SYNAPTIC TRANSMISSION IN 
THE CARP RETINA 
T.Kujiraoka and T.Saito Dept.Physiol. St. 
Marianna Univ.Sch.of Med., KANAGAWA 

In the teleost retina, amacrine cells 
are often classified into sustained or tran- 
sient type. The sustained type responds to 
light with either sustained depolarization 
(ON type) or hyperpolarization(OFF type), 
while the transient one depolarizes at both 
the onset and cessation of light(ON-OFF 
type). Recent physiological and morphologi- 
cal studies have shown that the ON and OFF 
type directly recieve excitatory inputs 
from ON and OFF bipolar cells,respectively, 
and ON-OFF type, from both of them. It is, 
however, questioned how the ON-OFF response 
is produced. In this investigation, we 
observed the effect of polarization of a 
bipolar cell by current on an amacrine cell 
by means of simultaneous recordings from 
them. When an ON bipolar cell was depo- 
larized by current, a transient depolari- 
zation was elicited in an ON-OFF cell at the 
onset of current, while a sustained depo- 
larization was evoked in an ON cell. when an 
OFF bipolar cell was hyperpolarized, an ON- 
OFF cell was transiently depolarized at the 
offset of current. These current-evoked 
potential changes had a significant delay, 
and were graded according to the current 
intensity. Furthermore, the responses were 
abolished under background illumination. 
From our results, the bipolar-amacrine 
synaptic transmission mechanism is quite 
different between the sustained and the 
transient type amacrine cells. 
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PHOTORECEPTOR-BIPOLAR CONNECTIVITY PATTERNS 
IN CARP RETINA: THREE DIMENTIONAL RECONSTRUC- 
TION. T.Saito andT.Kujiraoka. Dept,of physiol 
St. Marianna Univ. Sch. of Med. Kawasaki, Japan 

HRP-injected ON- and OFF-center bipolar 
cells were examined by electron microscopy. 
These functionally different bipolar cells 
make synaptic contacts with both rods and 
cones, andthat each type can be subdivided 
into two(I andII) according to the relation 
between the position of their dendritic pro- 
cesses and the synaptic ribbons inthe recep- 
tor terminal. The ON(I) cell is characterized 
by a large cell body and a big swelling of 
the axon terminal in the inner part of the 
inner plexiform layer (IPL). Dendritic pro- 
cesses of this cell type make predominately 
ribbon contacts with rods and nonribbon 
contacts with cones. The ON(II) cell, having 
a large dendritic tree expanding over the 
inner part of the IPL, makes mostly non- 
ribbon contacts with rods and cones. Many 
Of the ON(II) cell processes, however, 
terminate very close to cone synaptic 
ribbons. The OFF(I) cell shows two varieties 
in the axon terminal structure; alarge term- 
inal swelling or a large flat ramification 
of the terminal in the outer part of the 
IPL. These cells make mainly ribbon contacts 
with rods and cones. Usually, the process 
of a OFF(I) cell runs parallel to the synap- 
tic ridge apex of cones. The OFF(II) cell, 
showing a large ramification of the axon 
terminal expanding over the outer half of 
the IPL, makes mainly nonribbon contacts 
with rods and cones. 
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ROLE OF cGMP METABOLISM IN GENERATION OF 
PHOTORECEPTOR POTENTIAL AND SENSITIVITY 
CONTROL IN GECKO PHOTORECEPTORS. 

S. Kawamura and M. Murakami. Dept of 
Physiol., Keio Univ. Sch. Med., Tokyo. 


cGMP has been proposed as the intra- 
cellular messenger in rod photoreceptors. 
Possible involvement of cGMP in genera- 
tion of photoreceptor potential and/or the 
sensitivity control was investigated in 
gecko photoreceptors by comparing membrane 
potential and activity of cGMP phosphodi- 
esterase (PDE) in the same cell. When 
cGMP is injected, the cell is depolarized. 
This depolarization was used as the indi- 
cator of the in situ PDE activity. The 
result showed that the PDE activation and 
thus the cGMP hydrolysis was fast enough 
to generate photoreceptor potential, since 
the latency of the PDE activation was 
comparable with that of photoreceptor 
potential. PDE activity was quantitatively 
estimated from the inverse of the duration 
of the cGMPinduced depolarization, since 
it was expected that the higher the PDE 
activity the shorter the duration. From 
this estimation, the PDE activity was 
found to recover after a light stimulation 
in parallel with photoreceptor sensi- 
tivity. These result showed close corre- 
lation between photoreceptor sensitivity 
and the cGMP metabolism. However, other 
experiments indicated that factors other 
than PDE are involved in shaping the wave 
form of the photoreceptor potential. 
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EFFECT OF GABA AND GLYCINE ON SPREADING 
DEPRESSION IN THE CHICK RETINA. 

M.Fujimoto Dept.in"Ob “Physiol, St. 
Marianna Univ. Sch. of Med., Kawasaki. 


Retinal spreading depression (SD) is 
triggered by abnormal synaptic activity in 
the proximal retina. In the previous 
meeting, I reported that the frequency of 
spontaneous spreading depression (FSD) in 
the frog rétina in a low-Cl medium is 
increased by GABA and glycine. This’. 16 
inconsistent with the characteristic 
effects of these reagents on central 
nervous system, where they show inhibitory 
action in general. To examine this point, 
effect of these reagents on FSD in the 
chick retina perfused with a high-Kt 
medium instead of low-Cl”™ medium was 
studied by recording spreading depression 
potential. GABA and glycine decreased FSD 
and their antagonists, picrotoxin and 
strychnine, increased FSD. The result 
shows that in the medium with normal Cl™ 
concentration, the action of GABA and 
glycine is inhibitory. It has been 
reported that GABA and glycine exert their 
inhibitory action by the increase of Cl™ 
conductance. From this point of view, it 
seems reasonable to interpret the previous 
experiment as GABA and glycine depolarizing 
retinal neurons in the low-Cl”™ medium by 
the increased Cl™ conductance and thus 
increasing FSD. 
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THE STUDIES OF HYPERSENSITIVITY OF 
VERTEBRATE PHOTORECEPTORS BY MEASURING 
FAST PIII ISOLATED BY CHEMICALS. 
K. Azuma! and M. Azuma*. !'Department of 
Biology, Osaka Medical College, Takatsuki 
and ?Department of Health Science, 


Osaka Kyoiku University, Tennoji,Osaka. 


Low concentration of Ba‘“*t (<20 uM) in the 
Ssuperfusate could suppress slow PIII of 
frog (Rana catesbeiana) retina, but the 
higher concentration of Ba**(>500 uM) was 
required in the case of albino rat retina. 
Other gK-blockers(TEA,4-AP) except Ba?* 
were less effective for both retinas. Slow 
PIII of rat retina could be suppressed by 
neither of L- or D- aAAA (amino adipic 
acid), ssbut | sthat of frog jectinamscouldwabe 
Suppressed by L- aAAA ( > 6.5 mM). The 
following experiments were carried out by 
measuring frog fast PIII isolated by such 
chemicals. As lowering Ca*’*from 0.9 mM to 
0.1 mM in superfusate containing 107 mM 
Na*, the amplitude of the fast PIII became 
initially larger following offset of 
maintained light(called hypersensitivity). 
In reducing Na below 67mM,hypersensitivity 
scarcely occured even in 0.01 mM Ca?*. 
Whenever photovoltage change evoked by the 


offset of the maintained light was 
superior to that evoked by the onset of 
the illumination, hypersensitivity also 
was observed. The mechanism of 


hypersensitivity is discussed in relation 
to the effects of external Nat and Ca?2*. 
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A SIMPLE PROCEDURE FOR THE EXTRACTION OF 
THE NATIVE CHROMOPHORE OF VISUAL PIGMENTS; 
THE FORMALDEHYDE METHOD. 


1 
Th Gamke” 2 ug bac, 2 Meda- and S.Miyata 
lIDept. of Pharmacol. and 2Dept. of Chem., 
Hyogo Coll. of Med., Nishinomiya, Hyogo 


Analytical methods for the characteri- 
zation of retinoids and their geometric 
isomers have been greatly advanced by the 
utilization of high-pressure liquid chro- 
matography (HPLC). However, there have 
been some problems in the extraction of 
retinal from visual pigments; low recovery 
and non-specific isomerization. We develo- 
ped a new extraction method. The chromo- 
phore of bovine visual pigment was effici- 
ently extracted in its original isomeric 
conformation by dichloromethane/hexane in 
the presence of excess formaldehyde. 

More than 90 % of retinal was recovered 
by triple extraction. The rhodopsin- 
porphyropsin system of crayfish retina was 
analyzed by this method and the result 
was identical with that determined by a 
retinaloxime method. This new method of 
extraction (the formaldehyde method) in 
combination with HPLC is useful for the 
determination of the chromophore composi- 
tion of visual pigments. The chromophore 
isolated by this method is biologically 
active and can be used for regeneration 
experiments. 
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ROLE OF RETINAL PIGMENT EPITHELIUM IN THE 
DARK REGENERATION OF VERTEBRATE VISUAL 
PIGMENT. 

M. Azuma! and K. Azuma?.!Dept. of Health 
Sci., Osaka Kyoiku Univ., Osaka, and 


*Dept. of Biol.,Osaka Med.Coll.,Takatsuki. 


The time course of the regeneration of 
visual pigment and the change in the 
relative amount of 1l-cis form in whole 
retinyl ester of pigment epithelium (PE) 
were investigated in frog(Rana catesbeiana) 
eye cup by high-performance liquid 
chromatography. The PE from dark-adapted 
frogs contained retinyl ester of 4.5-17.5 
nmoles/cm* (1-1.5 mole-equivalents of 
visual pigment) and lil-cis form 
corresponding to 40 % of whole retinyl 
ester. When visual pigment was bleached by 
light (>500 nm), the proportton on wil oers 
retinyl ester decreased a little just 
after light. During 6 hr-incubation in the 
dark at 28°C and pH 7.4, however, the 
proportion decreased to about 13 % and 
the regeneration of 70 % of bleached 
pigment (half time=90 min) was observed. 
Further incubation , however, hardly 
caused the change in the amount of 
regenerated pigment and the proportion of 
ll-cis retinyl ester. These results 
indicate that ll-cis retinyl ester in PE 
is used for the regeneration of visual 
pigment. It should be noticed that ll-cis 
retinylester is still left ian] PE inset ee 
of the imperfect regeneration. ‘I'his cause 
is discussed in relation to a transport 
mechanism between PE and retina. 
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PHOTOBLEACHING PROCESS OF RHODOPSIN 
EXCITED BY A PICOSECOND GREEN LASER PULSE. 
T.Yoshizawa, Y.Shichida, S.Matuoka and 
H.KANDORI. Dept. of Biophys, acceso = 
Sci., Kyoto Univ., Kyoto. 

A new bathochromic photoproduct, a 
precursor of bathorhodopsin, was detected 
in cattle, squid and octopus )sehodepsaum 
systems after excitation with picosecond 
green pulse (wavelength: 532 nm, duration: 
25 ps) from a Nd:YAG laser. We called the 
new product 'photo-rhodopsin'. The ab- 
sorption spectra of the photorhodopsins 
lay at longer wavelength than those of 
their respective bathorhodopsins. A 
remarkable deuterium effect was observed 
in the decay process of cattle photorhod- 
opsin to bathorhodopsin (time constant in 
H50:40 ps, in D20:150 ps), presumably due 
£o translocation of the proton onesehwwes— 
base linkage toward the counter ion. No 
deuterium effect was observed in the for- 
mation process of photorhodopsin, 

In the region where the amount of 
formation of photorhodopsin was propor- 
tional ‘to the excitation pulsemenesayy, 
formations of squid and octopus hypso- 
rhodopsins were not detected, while ina 
photon saturation region, hypsorhodopsin 
were produced. Simulation analysis about 
the dependencies of formations of photo- 
rhodopsin and hypsorhodopsin on the excit- 
ation pulse energy shows that squid hypso- 
rhodopsin is formed by two sequential 
photo-chemical reactions. 
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BINDING SITE OF ANTI-RHODOPSIN MONOCLONAL 
ANTIBODY RH 29 


F.Tokunaga, M.Takao, T.Iwasa and T. Takeuchi 


Dept. of Phys. and *Dept. of Biol., Fac. of 
Sci., Tohoku Univ., Sendai. 

As previously reported, we have Cloned 
three monoclonal antibodies against cattle 
rhodopsin. This time we reported about the 
binding site of one of the antibodies Rh 29 
on the amino acid sequence of cattle rhodo- 
psin and their cross reactivities to rhodo- 
psins of several species of animals. 

Partial hydrolysates of cattle rhodopsin 
by chymotrypsin or papain were fractionated 
by con A sepharose chromatography and the 
affinity of each fraction to Rh 29 was ana- 
lyzed by ELISA. From the result and the 
folding model of rhodopsin in the disk mem- 
brane, the binding site of Rh 29 was esti- 
mated to be an amino acid sequence 60-75. 

The cross reactivities of Rh 112 and Rh 
311 as well as Rh 29 to the photoreceptor 
membranes of several species of animals 
were investigated by ELISA and immunoblot- 
ting. The results were summerized in the 
TABLE (0; strong, A; weak, x; not detectable), 
suggesting that the amino acid sequences of 
the binding sites of the antibodies are 
quite conserved in the evolution. 


F____[Bovine [chicken] Carp | Locust | octopa 


ELISA 


Immunoblotting 
(Rh 29) 
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LOCALIZATION OF A RETINAL-BINDING PROTEIN 
IN THE SQUID RETINA BY USE OF ITS MONO- 
CLONAL ANTIBODY. 

A. Terakita, K. Ozaki, R. Hara and T. Hara. 
T. Takeuchi*, R. Kodama* and G. Eguchi*. 
Dep. of Biol., Fac. of Sci., Osaka Univ., 
Toyonaka, Osaka and *Natl. Inst. for Bacic 
Bigk., Okazaki. 


As previously reported, a retinal-bind- 
ing protein (RALBP) was isolated from the 
squid retina, and purified by anion-ex- 
change and size-exclusion chromatography 
(M.W. 53,000). 

When incubated with metaretinochrome 
membranes in the dark, the RALBP specifi- 
cally takes up a large amount of 11-cis- 
retinal from metaretinochrome and loses 
all-trans-retinal. Further incubation of 
this RALBP with opsin membranes yields 
rhodopsin in the dark. It is suggested 
that squid RALBP has a capacity of trans- 
ferring 11-cis-retinal from metaretino- 
chrome to opsin membranes in the retina. 

Binding of the anti-RALBP antibody to 
retinal tissues is tested by using an FITC- 
labeled second antibody staining technique. 
Heavy staining was observed just inside 
the surface of the retina and at the black 
pigment layer. These areas correspond to 
the distal end and the basal region of the 
outer segment of the visual cell. The 
rhabdom layer was faintly striped in fluo- 
rescence. Such patterns also suggest that 
Squid RALBP isclosely associated with both 
rhodopsin and retinochrome. 
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RETINOCHROME IN THE PHOTIC VESICLES CHAR- 
ACTERISTIC OF GASTROPOD PHOTORECEPTORS. 

R. Hara, K. Ozaki, A. Terakita and T. Hara. 
Dept. of Biol., Fac. of Sci., Osaka Univ., 
Toyonaka, Osaka. 


Retinal photopigments in the red-mouthed 
conch, Conomulex luhuanus, were examined 
with special attention given to the photic 
vesicles. Three fractions of visual cell 
fragments were isolated: the MV-fraction 
containing the rhabdoms, the PVH-fraction 
containing the photic vesicles located in 
the distal area of the photoreceptor cell 
body, and the PVL-fraction containing the 
vesicles in the perinuclear region. 

Rhodopsin was erxtracted only from the 
MV-fraction (Amax=474 nm), whereas retino- 
chrome was found in both of the PVH- and 
PVL-fractions (about 510 nm). Unlike the 
PVH-fraction, the PVL-fraction contains so 
much aporetinochrome in additon to retino- 
chrome, suggesting that the large mass of 
photic vesicles around the nucleus may 
serve as storage for retinal in retino- 
chrome and for newborn aporetinochrome. 

The photic vesicles still retain much 
metaretinochrome at the end of a 12L/12D 
cycle, but after adaptation of animals to 
darkness for about 2 weeks, it is greatly 
converted into retinochrome (about 80%). 
The total amount of retinochrome in the 
retina was about 2 times higher than that 
of rhodopsin, distinguishing the gastropod 
eye from the cephalopod eye. 
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CHARACTERIZATION OF SQUID RHODOPSIN AND 
RETINOCHROME AS REVEALED BY PH CHANGES ON 
IRRADIATION. 

A. Kishigami, R. Hara and T. Hara. 

Dept. Of Biol., Fac. of, sci, , Osaka, Univ., 
Toyonaka, Osaka. 


Retinochrome solutions reveal pH changes 
on exposure to orange or green light, show- 
ing an increase at acid pH and a decrease 
at alkaline pH. Such patterns in retino- 
chrome are similar to those in rhodopsin, 
regardless of the difference in photoiso- 
merizaton of retinal between them. The 
amount of the change with acid samples is 
smaller in retinochrome than in rhodopsin. 

The reversal of the pH-change pattern 
from the increase to the decrease occurs 
near pH 7 in rhodopsin but near pH 8 in 
retinochrome. At about pH 7.5, rhodopsin 
shows the pH decrease, whereas retinochrome 
still shows the increase, though followed 
by the decrease. When metarhodopsins and 
metaretinochrome are exposed to light that 
they absorb, pH changes in the opposite 
direction occur in parallel with the for- 
mation of their own parent photopigments. 

When retinochrome at acid pH is bleached 
completely by green light and kept in the 
dark for a few minutes, reirradiation of 
the photoproduct with the same light again 
causes the pH increase, suggesting that a 
photopigment is rapidly reproduced from 
metaretinochrome for a short dark period. 

13-cis- and 9-cis-retinochromes also 
show the same pH changes as retinochrome. 
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THE DARK DEGRADATION OF THE EARLY RECEPTOR 
POTENTIAL IN THE LIVE RETINA OF OCTOPUS 
QCELLATUS. 

K. Ohtsu. Ushimado Marine Laboratory, 
Fac. of Sci., Okayama Univ., Okayama. 


It has been known that in the octopus 
retina, absorption of light by rhodopsin 
(R) and metarhodopsin (MR) generates 
vitreous-positive and vitreous-negative 
early receptor potentials (+ERP, -ERP), 
respectively. After exposure of the 
retina to blue adapting light which moves 
the equilibrium of R and MR towards a 
dominant MR state, an orange test flash 
predominantly absorbed by MR generates 
-ERP. The -ERP, however, degradated in 
the dark by 40-50 4 within 1 min at 20 °C 
after turning off the adapting light. 
This dark degradation is probably not due 
to the dark regeneration of R from MR 
because comparable size of dark increase 


of +ERP was not observed. Solution with 
excess Ca2t+ did not affect the time course 
of the dark degradation. Neither sodium 


fluoride nor sodium tungstate known as 
phosphatase inhibitors had significant 
effect on the dark degradation. Zn2+ 
known as an inhibitor of rhodopsin kinase, 
however, considerably slowed down the 

time course of the dark degradation. The 
phosphorylation of MR may be responsible 
for the dark degradation of -ERP. 
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NEURONAL PROCESSINGS OF THE PHEROMONE 
INFORMATION IN THE BRAIN OF THE MALE 
SILKWORM MOTH, Bombyx mori. 

R.Kanzaki and T.Shibuya. Inst. of Biol. 
Sci., Univ. of Tsukuba, Ibaraki. 

Pheromone responses of the deuto- 
cerebral neurons in the first-order olfac- 
tory center were of PTI, on-off and inhibi 
tion type. The PTI type may be the most 
important pheromone information from the 
deutocerebrum to the higher olfactory 
center, namely, protocerebrum. Almost all 
protocerebral neurons showed tonic type 
responses with lasting high frequency 
spikes after the end of stimulus. The 
response pattern was obviously different 
in each cerebral neuron. Moreover, dose- 
response characteristic in each cerebral 
neuron was clearly different. Descending 
brain neurons which ran from the proto- 
cerebrum to the ventral nerve cord passing 
through the suboesophageal ganglion were 
identified. They showed tonic type 
responses. Similar tonic type responses 
were also recorded from the cervical nerve 
cord fiber. The concentration value that 
the dose-response curves of these tonic 
type neurons became steep was accordant to 
the threshold value of the male moth wing 
vibrations. Dose-response characteristics 
of the frequency of wing vibrations 
resembled to those of the tonic type 
neurons. It is considered that these tonic 
type responses relate to initiate the wing 
vibrations and the neural informations 
already formed in the protocerebrum. 
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MORPHOLOGY AND ODOR RESPONSE OF THE 
INTERNEURONS IN THE DEUTOCEREBRUM OF THE 
HONEYBEE, Apis mellifera. 

A.Iwama and T.Shibuya. Inst. of Biol. 
Sci., Univ. of Tsukuba, Ibaraki. 

The deutocerebral interneurons were 
divided into two classes from their 
morphology as the following:(1) local 
interneurons which had multiglomerular 
dendritic arborizations,(2) output neurons 
which had uniglomerular dendritic 
arborizations and sent their axons into 
the ipsilateral protocerebrum through 
the inner antenno-cerebral tract. The 
relationships between odor responses and 
the glomerular arborization of the output 
neurons were examined. 

Most of the output neurons recorded 
showed excitatory responses to some 
olfactory stimuli and inhibitory or no 
response to air puff. An output neuron 
showed excitatory response to air puff 
and inhibitory responses to some olfactory 
stimuli. The output neurons which showed 
different response spectra sent their 
processes into different glomeruli each 
other. Three output neurons whose 
glomerular arborizations were located 
relatively at the same region in the 
deutocerebrum were obtained. Their 
response spectra were also similar to each 
other. These data suggest that the 
response spectra of the output neurons 
were related to the relative position of 
the glomeruli in the deutocerebrum which 
were innervated by them. 
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CLASSIFICATION OF AFFERENT AND EFFERENT 
IMPULSES ON THE RECURRENT NERVE OF THE 
BLOWFLY. 

T:Yanoo, HeAtobe> and Ass harsaiisiaaues 
‘Dept. Of Biol., Fac. of Scie kyusmu 
Univ., Fukuoka and *Musashidai High 
School, Fukuoka. 


Impulses were recorded with two 
suction electrodes located on two 
separate points of the recurrent nerve of 
the blowfly, Phormia regina M.. These 
impulses were classified into four 
different groups based on the direction 
of conduction and the conduction 
velocity. One group of impulses was 
efferent type and originated from the 
brain. The impulse firing frequency was 
low in the starved flies but was 
increased in the flies raised on the high 
concentration of sucrose. All other 
three groups of impulses were afferent 
types and were supposed to originate from 
sensory stretch receptors located at 
three different portions of the foregut. 
It was presumed that the main role of 
efferent impulses was inhibition of 
peristaltic movements of the foregut but 
sensory stretch receptors might detect 
peristaltic movements. 
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EFFECTS OF AMINES AND THEIR BLOCKERS ON 
EXCITATORY SYNAPSES IN THE CARDIAC NERVOUS 
SYSTEM OF CRUSTACEAN, ANICULUS ANICULUS. 
T. Yazawa and K. Kuwasawa. 

Dept. of Biol., Tokyo Metropolitan Univ., 
Tokyo. 


Glyoxylic-acid-induced fluorescence has 
been observed in both of two cardio- 
accelerator axons (CAs), and large 
ganglion cells (LGCs). In Homarus cardiac 
ganglion, two kinds of amines, dopamine 
and noradrenaline, has been found with 
biochemical techniques (Ocorr & Berlind, 
1983). To identify the transmitters of 
CAs and LGCs, effects of amines and their 
blockers on their excitatory synapses were 
examined, from LGCs to the myocardiun, 
between LGCs, and from CAs to LGCs. 

(1) Excitatory junctional potentials 
evoked by LGCs were blocked by 
chlorpromazine. "Small depolarizing 
potentials” of a certain LGC were 
suppressed by chlorpromazine and 
haloperidol, but not by phentolamine. 
Dopamine significantly increased bursting 
rate of LGCs, and the excitatory effect 
was completely blocked by chlorpromazine. 
(2) When each axon of CAs was repetitively 
stimulated, ganglionic burst frequency was 
increased. The effect was blocked by 
chlorpromazine and haloperidol, but not 

by phentolamine. These results suggest 
that both LGCs and CAs are dopaminergic 
rather than adrenergic. 
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CENTRAL AND PERIPHERAL MOTOR CONTROL OF THE 
GILL IN APLYSIA KURODAI AND APLYSIA JULIANA. 
M. Kurokawa and K. Kuwasawa. Dept. Biol., 
Tokyo Metropolitan Univ., Tokyo. 


Gill motor neurons have been identified 
only in the abdominal ganglion of Aplysia 
californica. We showed that the erenahtal 
ganglion, the peripheral nervous system of 
the gill, contains gill motor neurons in A. 
kurodai and A. juliana. We also showed that 
motor neurons in the branchial ganglion 
innervates the pinnule of the gill. In the 
present study, aneuron was identified in the 
abdominal ganglion, which produced EPSPs in the 
branchio-ganglionic neurons(BGNs). When the 
abdominal-ganglionic neuron(AGN) was activat- 
ed by an intracellularly applied depolarizing 
pulse, both pinnule contraction and longitu- 
dinal gill shortening were induced. The 
pinnule contraction was diminished when the 
EPSPs of BGNs produced by AGN were blocked 
with high Mg2+ saline, but the longitudinal 
shortening was not. These results may show 
that the AGN had dual functions, serving as an 
interneuron to activate BGNs which cause the 
Pinnule contraction and as amotor neuron to 
produce directly the longitudinal shortening. 

Atropine effectively blocked the EPSPs 
of BGNs produced by AGN and the longitudinal 
shortening directly evoked by AGN. The drug 
did not blocked the transmission from BGNs 
to the pinnule. BGNs evoked pinnule contrac- 
tion even when the pinnule was perfused with 
acetylcholine. These results suggest that 
the AGN is a cholinergic neuron, but BGNs 
are not. 
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MORPHOLOGY OF THE MEDULLARY CRANIAL NERVE 
MOTONEURONS IN THE JAPANESE TOAD. 

Ye JDKkasyEenen Lake, Ma Scatcon and’ kK. Ueda, 
zool. Inst., Fac. of Sci., Univ. of Tokyo, 
Tokyo. 


As a morphological basis for the 
study of the neuronal circuitry involved 
in the sexual calling and prey-catching 
behaviors, we studied the distribution and 
dendritic morphology of the medullary 
cranial nerve motoneurons (IX-, X-, XI- & 
XII-MNs), using the cobaltic lysine and 
HRP methods. In addition, spinal MNs 
supplying the spinal nerves II, III and IV 
were also examined for comparison. 
Boundaries of the motor cell columns 
supplying each nerve, which have sometimes 
been ambiguously or mistakenly described 
in the conventional studies, could be 
definitely determined. Each group of MNs 
had two or three dendritic arrays 
characteristic of the group. The IX- and 
X-MNs were similar in dendritic morphology 
and had dorsomedial and ventrolateral 
dendritic arrays. The XI-MNs and the 
ventrolateral group of the XII-MNs had 
dendritic morphology similar to that of 
the spinal MNs innervating limb and trunk 
musculature. The dorsomedial group of the 
XII-MNsS had dendritic morphology 
intermediate between that of the IX- & X- 
MNs and of the spinal MNs innervating 
axial musculature. It is hypothesized that 
each dendritic array receives synaptic 
inputs from different sources. 
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EFFECTS OF ELECTRICAL STIMULATION OF 
DORSAL THALAMIC AREA ON ACTIVITIES OF 
TONGUE-MUSCLE-CONTROLLING MOTONEURONS IN 
THE JAPANESE TOAD. 

M. Satou, H. Takeuchi and K. Ueda. 

Zool. Inst., Fac. of Sci., Univ. of Tokyo, 
Tokyo. 


As a step in approaching the neural 
basis of prey-catching behavior in the 
Japanese toad, electrical] stimulation of 
the dorsal thalamic area, which elicits 
the predator-avoidance behavior in freely- 
moving conditions, was performed in 
paralyzed conditions, and its effects on 
activities of the tongue-muscle- 
controlling motoneurons were examined 
using intracellular recording techniques. 
It was found that the inhibitory 
postsynaptic potentials (IPSPs) were 
evoked in these motoneurons in response to 
Single or a few electrical stimulations. 
On the other hand, the excitatory 
postsynaptic potentials (EPSPs), which 
were superimposed on the underlying IPSPs, 
were further evoked in response to 
repetitive electrical stimulations of a 
long train. Moreover, these EPSPS were 
found to be spatially facilitated when the 
tectal "snapping-evoking area” (ventro- 
lateral part of the optic tectum) was 
simultaneously stimulate® with the dorsal 
thalamic area. From these results, a 
possibility was pointed out that the 
dorsal thalamic area is involved in the 
elicitation of the "prey-snapping” as well 
as the “predator-avoidance.” 
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TOAD'S SNAPPING PATHWAY: A SEARCH FOR THE 
PREMOTOR INTERNEURONS. 

T. Matsushima, M. Satou and K. Ueda. 
Zool.Inst.,Fac.of Sci.,Univ.of Tokyo,Tokyo. 


In order to search for the premotor 
interneurons of neural pathways mediating 
the prey-catching behavior, extracellular 
single unit activities were recorded from 
the caudal medulla oblongata in paralyzed 
Japanese toads. A total of 64 neurons, 
which responded orthodromically to the 
electrical stimuli applied to the 
"Snapping-evoking area" of the optic tectum 
(OT) and/or the lingual branch of the 
glossopharyngeal nerve (IX), were analyzed 
in 13 toads. According to the types of 
inputs they received, following three types 
of neurons were distinguished. (1) Fifty- 
three neurons responded solely to the OT 
stimuli. Some of these neurons tested 
showed temporal and spatial facilitation of 
spike discharges. (2) Eight neurons 
responded solely to the IX stimuli. Some 
of them responded with single spikes which 
followed the paired IX stimuli of a short 
interval (10 mis). (3) Three neurons 
responded to both OT and IX stimuli. All 
of them responded with burst discharges. 
All of these three types of neurons were 
widely distributed throughout the caudal 
medulla. From these results, a possibility 
was pointed out that some of these neurons 
are the premotor interneurons which control 
the tongue-muscle motoneurons during the 
prey-snapping behavior. 
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LOCALIZATION OF FMRF-AMIDE, SEROTONIN AND 
MET-ENKEPHALIN IN THE NERVOUS SYSTEM OF THE 
MOLLUSCA. 

H. Takayanagi and N. Takeda. Dept. of 
Biol., Fac. of Sci., Toho Univ., Funabashi. 


Localization of FMRF-amide, serotonin 
and Met-enkephalin was investigated immuno- 
hrstochemicalally any Ehewecentegal ae neaviOus 
system of the vivalve, Tapes philippinarum, 
the pond snail, Cipangopaludina chinensis, 
the sea hare, Aplysia kurodai and the giant 
African snail, Achatina fulica. 

FMRF-amide was detected in many nerve 
cells of all the ganglion (the cerebral, 
visceral, pleural, parietal and pedal 
ganglia) examined in each species. 
Serotonin was also detected in many nerve 
cells of the ganglion examined except the 
pleural ganglion in Aplysia. In comparison 
with these two active substances, detection 
of Met-enkephalin was few in the nerve 
cells of each ganglion. Character- 
istically, co-existence of FMRF-amide and 
serotonin was detected in the same nerve 
cells of the cerebral ganglion in Tapes and 
of the pedal ganglion in Aplysia. Further- 
more, (EVE HIUES immunoreactivities were 
CIESCieSc! alin) ieliS Seine wmecyve Celi of Ie 
parietal ganglion in Achtina. 

These observations indicate that bio- 
logically active neuropeptides and a bio- 
CGn1e euime Eee preeESemMe moe omy iin 
different nerve cells but also in the same 
nerve cells of the mollusca. 
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ADRENERGIC NEURAL PATHWAY IN THE NEURO- 
MUSCULAR TRANSMISSION OF FISH RED MUSCLE. 
T.Miyahara* and T.Hidaka. Dept. of Biol. 
*Fac. of Sci., and Fac. Gen. Edu., 
Kumamoto Univ., Kumamoto. 


In silver carp, Carassius auratus, the 
excitatory junction potential (ejp), the 
inhibitory junction potential (ijp) were 
detected in the pectoral fin red muscle 
following single nerve stimulation. To re- 
veal the nature of the neuromuscular 
transmission in this muscle, the effects 
of some neuromuscular blocking agents were 
investigated on ejp and ijp. 

Both ejp and ijp were desensitized by 
ACh and were inhibited by the nicotinic 
antagonist, d-TC, while were not affected 
by the muscarinic antagonist, atropine. 
Neostigmine augmented ejp and ijp. The re- 
sults indicated that the neurotransmitter 
of both ejp and ijp was ACh and the recep- 
tor was nicotinic. On the other hand, ijp 
was also desensitized by the adrenergic 8- 
receptor agonist, isoproterenol and was 
inhibited by the adrenergic 8-receptor an- 
tagonist, propranolol. However, ijp was 
less sensitive to a-receptor agonist, nor- 
adrenaline, and a-receptor antagonist, 
phentolamine. 

It could be suggested that adrenergic 
B-receptor located on muscle membrane and 
ijp triggered via adrenergic 8-receptor in 
addition to nicotinic cholinergic recep- 
(EONS g 
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RELATIONSHIP BETWEEN DOPAMINE CONTENT AND 
ITS SECRETION IN PC12 CELLS AS A FUNCTION 
OF CELL GROWTH 

A.Takashima and T.Koike, Dept. of Natural 
Science,Saga Medical School, Nabeshima, Saga 


The PC12 cell line delived from a rat 
adrenal medullary tumor is known to synthe- 
size dopamine and to release it in response 
to cholinergic agonists or depolarizing 
agents. In this report, we have studied the 
relationship between dopamine biosynthesis 
and its stimulus-induced secretion in PC12 
cells as a function of cell growth. The 
endogenous dopamine content was found to 
depend on cell growth,and reached a maximum 
in the stationary phase. This increase was 
associated both with an increase in the 
specific activity of tyrosine 3-monooxy- 
genase, and with an increase of DOPA- 
decarboxylase in the cells. On the other 
hand, the maximal release of dopamine 
occured in the late exponential phase 
before the endogenous dopamine was maxi- 
mally synthesized in the cells. Moreover, 
the uptake of 45Ca2+ stimulated with either 
carbamylcholine or high Kt was also regu- 
lated by cell division: the maximal uptake 
took place in the same period of culture 
in which the maximal release of dopamine 
was observed. Thus, this report offers new 
evidence that the biosynthesis and secre- 
tion of dopamine are separately regulated 
in the PC1l2 cells. 


Physiology 875 


PH 69 


VISUAL ACCOMMODATION IN TELEOST: STRUCTURE 
OF THE LENS MUSCLE AND ITS NERVE CONTROL. 
H.Somiyal,2, Q.Bone2. lDept. of Physiol., 
ch. of Vet. Med., Azabu Univ., Sagamihara 
The Plymouth Lab. of the Mar. Biol. Ass. 
of the UK, Plymouth. 


The accommodatory system in two teleosts 
(mackerel and bass) was examined. The fine 
structure and the innervation of the lens 
muscle is presented to characterize the 
muscle organization. The neural pathway 
involved in the dynamic accommodation was 
examined by the fibre analysis of the 
ciliary nerve, and the nerve which con- 
trols the lens muscle activity was studied 
by the electrical stimulation. 

The lens muscle is composed of smooth 
muscle cells which contain numerous mito- 
chondria. Numerous synaptic endings are 
also found between the muscle cells. The 
Synaptic ending contains many agranular 
vesicles which suggest the existence of 
acetylcholine. From the results of the 
fibre analysis,it was found that the nerve 
which controls the lens muscle contains 
only less than 100 myelinated nerve fibres 
in both eye-minded fishes, and the experi- 
ments of the electrical stimulation demon- 
strate that the muscle is controlled by 
the oculomotor (parasympathetic) nerve 
fibres. Ultrastructural features of the 
lens muscle and its nerve control resemble 
those of the mammalian ciliary muscle. The 
teleostean lens muscle is classified as a 
multi-unit smooth muscle. 
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RESPIRATORY PREPOTENTIALS AND SUBTHRESHOLD 
OSCILLATIONS RECORDED INTRACELLULARLY IN 
THE ROSTRAL MEDULLA OF THE LAMPREY. 

R. Kawasaki. Col. Biomed. Technol. Niigata 
Univ. Niigata. 


Branchial muscles in lampreys, as well 
as the diaphragm in eupneic breathing mam- 
mals, are agonists acting for breathing 
without cooperation of their antagonists. 

Brain lesion experiments by midline sec- 
tioning in vertebrates revealed bilateral 
symmetry of respiratory CPG (central pat- 
tern generator), while brain transections 
however, do not lead us clear conclusion of 
the rostral-caudal extent of the CPG; prob- 
ably, ascending and/or descending projec- 
tion of bushy arborizing dendrites of 
respiratory neurons may be related to the 
ambiguity inherent in the result of the 
brain transection experiments. Intracellu- 
lar recordings from the lateral medulla 
just caudally to the trigeminal eminence in 
the lamprey revealed slow depolarization 
(prepotential) preceding the respiratory, 
solitary spike potential. In this case, 
these single spikes transiently disappeared, 
while, the slow components lasted without 
changing the waveform of the sinusoidal os- 
cillation, clearly indicating that the pre- 
potential is unlikely a rebound from AHP or 
a decay of post-spike hyperpolarization. 
The present result indicates that the peak 
of depolarization phase of this slow and 
smoothly occurring subthreshold oscillation 
may be responsible for primary initiation 
of respiratory spikes in the lamprey. 
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THE DISTRIBUTION AND ULTRASTRUCTURE OF SYNAPSES 
ON THE PREMOTOR LOCAL NON-SPIKING INTERNEURONS 
OF THE CRAYFISH 

Y.Kondoh, M.Sato and M.Hisada. “Holey ls abelahes- 
Fac. Sci., Hokkaido Univ., Sapporo 


Many premotor local non-spiking interneurons 
are involved in the control of crayfish uropod 
movements. They are impaled intracellularly, 
characterized physiologically, and then 
labelled by intracellular HRP-injection to 
examine their ultrastructure. 

Input and output synapses are distributed 
all over the major branches and the finer 
neurites except the thick main neurites. Both 
Synapses are usually intermingled in the same 
neurite, often located closely, less than lum 
apart. Presynaptic neurites of these 
interneurons contain nearly round clear 
synaptic vesicles which are densely packed in 
fine branches and spines, and additionally, of 
some interneurons, large dense cores granules. 
The number of synaptic vesicles associated with 
a particular output synapse were estimated at 
about 2000. 

As the local non-spiking interneurons 
appears to transmit information in a graded 
fashion, the efficacy of synaptic inputs may 
largely depend upon the electrotonic properties 
of processes and the distance between the sites 
of synaptic inputs and outputs. Our structural 
findings strongly imply that the local non- 
spiking interneurons involve a way of 
transmission restricted to a small part of 
dendritic trees, which allow different regions 
of the neurons to function independently. 
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PARALLEL PROCESSING OF SENSORY INFORMATION 
THROUGH LOCAL NON-SPIKING INTERNEURONS IN 
CRAYFISH UROPOD MOTOR CONTROL SYSTEM. 

T. Nagayama and M. Hisada. Zool. Inst., 
Fac. of Sci., Hokkaido Univ., Sapporo. 


Crayfish unilateral local non-spiking 
interneurons (LNSNs) in 6th abdominal gan- 
glion can be classified into two major 
groups of PL and AL types by their gross 
morphology and the somata position. These 
pre-motor LNSNs are intercalated in the neu- 
ral pathways of uropod motor pattern forma- 
tion. They receive sensory inputs from the 
exopodites of both the ipsilateral and the 
contralateral sides, but their effects upon 
the uropod motoneurons are quite different. 
While the rate of spontaneous discharge of 
an identified closer, the reductor motoneu- 
ron No.l (Red MN No.1) is increased by the 
sensory root stimulation, PL LNSNs mainly 
form either the excitatory or the disinhib- 
itory pathways and subserve the increase in 
the Red MN No.1 activity. On the other hand, 
AL LNSNs form either the inhibitory or the 
disfacilitatory pathways and are detrimental 
to the motor pattern formation, in particu- 
lar to the expected increase in the Red MN 
No.l activity. Thus, 1) the PL and the AL 
LNSNs are functionally fractionated and 
physiologically divided as identified sub- 
sets by their input and output correlation, 
and 2) the parallel processings of informa- 
tion through the PL and the AL LNSNs and 
activity balance between them are essential 
for forming crayfish uropod motor pattern. 
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SPATIAL RELATIONSHIP AMONG VISUAL INTER- 
NEURONS IN THE CRAYFISH BRAIN REVEALED BY 
DOUBLE STAININC WITH FLUORESCENT DYES 

Y. Okada and T. Yamaguchi, Dept. of (Biol, 
Fac. of Sci., Univ. of Okayama, Okayama 


Spatial relationship among visual inter- 
neurons of the crayfish brain was examined 
by double staining with Lucifer Yellow and 
Ethidium Bromide which permits obervation 
of the relative position of axons and 
dendrites related to two differentially 
stained neurons. The main results are as 
follows: 1) The dendrites of three pairs 
of non-spiking visual interneurons (G-NSIs) 
form a cluster in the protocerebrum, and 
the dendrites of another pair of those 
(S-NSIs) are located outside the cluster. 
The members of each pair are homologous 
and their somata lie at the distal end of 
the opposite optic nerve to each other. 

2) G-NSIs and S-NSIs have the ipsilateral 
and contralateral branches spreading from 
the dendrites. In G-NSIs, the contacts 
between the branches of the members of 
each pair are observable. In S-NSIs, the 
ipsilateral branches reach the cluster, 
but the contralateral ones pass by the 
cluster and terminate at the dorsal region 
of the protocerebrum. 3) Two sustaining 
fibers (02, 038) having the receptive 
fields on the posterior part of the eye 
extend their axonal branches toward the 
cluster at the contralateral side beyond 
the midline. 
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NGNLINEAR ANALYSIS GF CURRENT-TO-SPIKE 
FREQUENCY TRANSDUCTION IN MGLLUSCAN GIANT 
NEURGN MEMBRANE. 

Y.Watanabe. Research Inst. for Chemabio- 
dynamics, Chiba Univ., Chiba. 


Current-to-spike frequency transduction 
Characteristics were studied with trans-— 
membrane current stimulus applied through 
intracellular microelectrode in left upper 
quadrant bursting (1l.u.q.b) neurons of 
Aplysia abdominal ganglion. Vine Wo Wo Gls c 
neurons do not always exhibit bursting 
alone (Whee ens EU Ie hiniese They occasionally 
have spiking activity of regular frequency 
and give rise to transient burst-like re- 
sponse against current stimulus. The in- 
put-output relation of the neuron membrane 
Under such semi-bursting state was analyz- 
ed by means of Wiener’s nonlinear theory 
using Gaussian white noise input. Because 
the input used in this study was non- 
White, Wiener kernels were calculated with 
extended Wiener-Hopf equatian in addition 
to usual multiple crosscorrelation method. 
Noticeable improvement af the input-output 
relation of the Wiener expansion models 
was recoginzed in the results by solution 
of the present extended Wiener—Hopf equat— 
ion. The model calculated with the first 
order kernel was able to give fairly good 
Simulation of excitatary part of the para- 
el ite tallirSie- The second order kernel par- 
ticipated in itthibitory part after the 
burst over 1 nA of the stimulus current. 
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A NOVEL APPROACH FOR SPIKE TRAIN ANALYSIS. 
K.-I. Naka. Natl. Inst. for Basic Biology, 
Okazaki. 


Analysis of spike trains has traditionaly 
been performed by producing post-stimulus 
time histogram. This is to seek a re- 
sponse pattern to a stimulus which is pre- 
determined by the experimenter. This is 
an experimenter oriented approach and is 

a method of forward correlation. The 
Other approach is to find patterns of 
stimulus which produce a spike discharge: 
this is a method of reverse correlation 
and is a subject centered approach. The 
optimal stimulus for reverse correlation 
is the gaussian white-noise signal. In 
this form the analysis is known as white- 
noise analysis. Results of correlation is 
a series of Wiener kernels which are, with 
photic inputs, incremental sensitivity. 
Here this methodology is applied to 
analyse spike discharges from retinal 
ganglion cells of bullfrog, Rana 
catesbiana, and channel catfish, Ictalurus 
punctatus, and nonlinearities character- 
istic to amacrine cells are recovered from 
ganglion cell discharges. Two non- 
linearities are found: one is characteris- 
tics to the sustained and the other to the 
transient amacrine cells. Ganglion cells 
are receiving linear inputs from bipolar 
cells and non-linear inputs from two 
amacrine cells. 
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IONIC BASIS OF SALT-INDUCED RECEPTOR POTEN- 
TIAL IN FROG TASTE CELLS 

T. Miyamoto, Y. Okada and T. Sato. 

Dept. of Physiol., Nagasaki Univ. Sch. of 
Dent., Nagasaki. 


We examined the effects of various modi- 


fied salines substituted for either super- 
ficial fluid (SF) or interstitial fluid 
(ISF) on the magnitude of receptor poten- 
tials of frog taste cell in response to 
salty taste stimuli. The amplitude of 
receptor potential evoked by 0.5 M KCl 
(V(K)) was usually larger than that evoked 
by 0.5 M NaCl (V(Na)). After both Na and 
Ca ions in ISF were totally replaced by any 
of K, Li, choline, tetramethylammonium and 
tetraethylammonium ions, both V(K) and 
V(Na) reduced to 30-70% of those controls. 
Removal of only Na ion from ISF led to a 
40% decrease of V(Na). Replacement of Ca 
ion with Mg ion significantly reduced only 
V(K). On the other hand, total replacement 
of both Na and Ca ions with either Ca or Mg 
ions did not suppress V(Na) and V(K). 
Addition of 5 mM Co to ISF did not affect 
both V(Na) and V(K) significantly. After 
adapting tongue surface to Ca-free or 0.5 
mM Ba saline, all of V(Na), V(K) and rest- 
ing potential reduced. V(Na) was more 
effectively suppressed by Ca-free, 1 mM 
amiloride saline than by 1 mM amiloride 
saline. These results suggest that the 
salt-induced receptor potential depends on 
the presence of Na and Ca ions in both SF 
and ISF. 
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RESPONSES OF GIANT NEURONS TO OSMOTIC 
STRESS IN SNAILS. 

K. Hasegawa and N. Takeda. Dept. of Biol., 
Fac. of Sci., Toho Univ., Funabashi. 


Terrestrial pulmonates are known to have 
an enormous variability in their water 
content according to the condition of water 
environment. Changes in hemolymph concen- 
tration induce the alterations of ionic 
concentration and hemolymph osmolality. We 
investigated the responses of giant neurons 
in the suboesophageal ganglion to ionic and 
osmotic stresses in the giant African 
snail, Achatina fulica. 

Most of the neurons showed a initial 
stereotyped response. Diluted Ringer 
caused hypexpolarization in the membrane 
potential and induced lower ~ aCtivity;, 
whereas, condensed Ringer caused depolari- 
zation and induced higher activity. After 
long-term treatments with these solutions, 
neurons showed various responses followed 
by the initial responses. Some neurons, 
such as TAN recovered from the stress and 
increaseag their activity under the hypo- 
osmotic condition. On the - contrary, 
Gistinct inhibition was induced under the 
hyper-osmotic condition. These responses 
were suggested to be due to osmotic stress 
rather than ionic stress. 

These results suggest that the changes 
of nervous activity mediated by hemolymph 
osmolality correlate with the alteration 
of locomotor behavior in terrestrial 
pulmonates. 
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EFFECTS OF Ca*t* ON VISCOSITY OF CATCH 
CONNECTIVE TISSUE IN HOLOTHURIAN DERMIS. 
PemOocokdwa, Dept. of Biol., Univ. of 
the Ryukyus, Okinawa. 


Effects of major cations (Catt, Mg**, 
K*, Na*, H*) in artificial sea water (ASW) 
were studied on the viscosity of the 
dermis of dHolothuria leucospilota. The 
normal viscosity was measured by the creep 
test. 

The viscosity increased to the value 
more than 10 times that in normal ASW when 
the following solutions were applied: high 
Ca (100 mM) ASW, Mg-free ASW, high Mg (250 
mM) ASW, high kK (100 mii) ASW, Na-free ASW 
whose Na was substituted by either choline 
or sucrose, DH 4 ASW and pH 10 ASW. Vis- 
cosity decreased to 1/10 in Ca-free ASW. 

Ca dependence of the above observed 
viscosity increase was studied. The 
viscosity did not increase in the follow- 
ing solutions when Ca was absent: Mg-free 
ASW, high kK ASW, Na-free ASW (choline 
substitution) and pH 10 ASW. Even in the 
absence of Ca, large viscosity increase 
was observed in WNa-free ASW (sucrose 
Substitution) and pH 4 ASW. 

The viscosity of the dermis seems to 
depend on the electrostatic interactions 
between negatively charyed proteoglycans 
via Ca cross-bridges at neutral and basic 
pH, and between negatively charged proteo- 
glycans and positively charged collagens 
at acidic pH. 
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BEG olor Ga AND A23187 ON THE SWIMMING 
BEHAVIOUR OF SEA-URCHIN EMBRYOS. 

M.Degawa, Y.Mogami and S.A.Baba. Dept. of 
Biology, Fac. of Sci., Ochanomizu Univ., 


Otsuka, Tokyo. 
Sea-urchin embryos begin to respond with 


ciliary reversal at the early pluteus stage. 
Thus, they sometimes swim backward up to 
for several seconds. Assuming that Ca?” is 
included in the response as in other 
ciliary and flagellar systems, we carried 
out some experiments with embryos of the 
sea urchin, Hemicentrotus pulcherrimus, on 
the effect of Ca’ and Ca-ionophore A23187 
added in the bathing ASW. The elevation of 
Ca?* concentration of ASW caused a decrease 
in the swimming velocity of the embryos. 
A23187 enhanced this effect in the presence 
of Ca?" and further caused striking 
decrease in the percent swimming, involving 
a complete cessation of swimming, as well 
as an increase in the relative frequency of 
backward swimming, though only after a 
critical stage of initiation of spontaneous 
ciliary reversal described above. From 
these findings, we discussed about the Ca?* 
-dependent regulatory mechanisms of ciliary 
movement in the sea-urchin embryos. 
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EFFECTS OF EXTERNAL ca2* CONCENTRATION ON 
THE DEPOLARIZATION-INDUCED INWARD CURRENT 
IN ROCTPELNCA MILIARIS 
- Oat, oT s SibaoKa> and-Y. Naitoh?. 
inst. Of Biol. SCi. Univ. Of Tsukuba, 
Ibaraki. Biol. Lab. Kyoritsu Women's 
Univ., Hachioji. 


Effects of [ca2*],, on the depolarization- 
induced inward current corresponding to the 
positive spike of the tentacle regulating 
potentials(TRPs) in a marine dinoflagellate 
Noctiluca miliaris in an artificial sea 
water (ASW) were examined under voltage 
Clamp condition. The current increased 
with decreasing [Ca SL whereas its rever- 
sal potential was unchanged. The rate of 
increase in the current was also unchanged, 
but the rate of decrease was much reduced, 
so that a marked prolongation of the in- 
ward curgent took place in an, ASW with 
lower Ca concentration. Ca ions might 
accelerate the inactivation of the current. 
As a matter of fact, the positive spike was 
most conspicuous in the Ca-deficient ASW, 
while it was very often unobserved in the 
normal ASW. The inward current decreased 
and its reversal potential shifted towards 
the hyperpolarizing direction, when [Na ] 
in the ASW was reduced. This indicate that 
the inward current is carried by Na . 
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CA-BINDING PROTEINS IN THE ANTERIOR BYSSAL 
RETRACTOR MUSCLE OF MYTILUS EDULIS. 


*T.Yamanobe, *T.Mimura and = He Susie 


*central Lab. Analyt. Biochem. and- Dept. 
Physiol., Sch. Med., Teikyo Univ., Tokyo. 


It has been shown that, in the anterior 
byssal retractor muscle (ABRM) of Mytilus 
edulis, Ca ions are accumulated along the 
inner surface of the plasma membrane, and 
are released into the myoplasm to cause con- 
traction [Atsumi and Sugi, J.Physiol, 257,549 
-560 (1976)]. To study the mechanism of the 
above Ca accumulation, which is entirely 
different from that by the sarcoplasmic re- 
ticulum, we started to detect Ca binding 
proteins in the plasma membrane enriched 
fraction obtained by centrifugation of crude 
extracts of the ABRM with discontinuous su- 
crose gradient. SDS polyacrylamide gel elec- 
trophresis combined with **Ca autoradiogra- 
phy showed some Ca binding proteins. Among 
them, a 450K dalton protein showed remark- 
able Ca binding activity and clearly stained 
blue by Stains-All. The 450K protein was 
solubilized from plasma membrane fraction 
by Triton X-100, and isolated by column- 
chromatography( Sephacryl S-300 and MonoQ ). 
Experiments are currently being performed to 
characterize it in more detail. 
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CALMODULIN IN CALCIUM-DEPENDENT POTASSIUM 
CHANNELS IN SNAIL NEURONS. 

M.Onozuka, H.Furuichi, K.Kishii, S.Imai 
and E.Sugaya. Dept. of Physiol., Kanagawa 
Dent. Cole, Vokosukar 


The involvement of calmodulin in cal- 
cium-dependent potassium channels was 
Ppharmacologically and electrophysiologi- 
cally examined in identified neurons (u- 
SEMI OI, A eho! 3} Oe Suiejayyel Sie Eula, 
1973) in the suboesophageal ganglion of 
the snail, Euhadra peliomphala. In these 
neurons, the delayed outward K current 
(IkD) was reduced by about 65% when ex- 
tracellular calcium was substituted with 


cobalt. Pressure injection of calcium 
chloride into the neurons brought about 
membrane hyperpolarization. The cal- 


modulin blockers W-5 and W-7 (at 200 pM) 
reduced Ixp by about 15% and about 403%, 
respectively, and depolarized the mem- 
brane. Calmodulin, pressure-injected into 
the neurons, restored suppressed Ixp to 
nearly the level observed before blocker 
treatment and caused hyperpolarization of 
the membrane. itin| Comecasie, Celleslum Clulo= 
ride, injected in the same way, had no 
effect on Ixp suppressed by the blockers 
and did not produce membrane hyperpolar- 
ization. These results suggest the 
possibility that the effect of intracel- 
lular calcium on the activation of potas- 
Sium channels is not due to direct 
calcium action but is mediated via a 
calcium/calmodulin complex. 
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FUNCTIONAL MECHANISMS OF FMRFAMIDE ON THE 
HEART BEAT OF A MOLLUSC, RAPANA THOMASTANA. 
M.Kobayashi and Y.Muneoka. Physiol. Lab., — 
Fac. of Integrated Arts and Sci., Hiroshima 
Univ. , Hiroshima. 

Effects of the molluscan neuropeptide 
Phe-Met-Arg-Phe-NH2 (FMRFamide) and the 
related peptides on the heart of a proso- 
branch, Rapana thomasiana, were studied to 
analyze the structure-activity relation. 
Arg3, Phe4 and the C-terminal amide were 
critical for FMRFamide-like activity. In 
contrast, replacement of Phe! by D-Phe or 
Tyr produced much less reduction in the 
activity. Nle could be substituted for 
Met2. However, removal of Phel (i.e., Nle- 
Arg-Phe-NH2) resulted in loss of activity. 
An analog extended at the N-terminal pyro 
Glu-Asp-Pro-Phe-Leu-Arg-Phe-NH2 showed 
slightly less activity than FMRFamide and 
another heptapeptide amide Tyr-Gly-Gly-Phe- 
Met-Arg-Phe-NH) showed further less activ- 
ity. It is obvious that FMRFamide shows 
the lowest threshold and the greatest ac- 
tivity of fourteen peptides examined. This 
finding may support the idea that FMRFamide 
is physiologically active at Rapana heart. 

Small cardioactive peptide B (SCP,) was 
found to have FMRFamide-inhibiting activity 
with weak direct effects of reducing beat 
frequency of the heart. This peptide may 
be a useful substance as a FMRFamide antag- 
onist in investigating the physiological 
role of FMRFamide in the cardioregulation 
of Rapana. 
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EFFECTS. OF IJPs AND ACh ON THE CARDIO- 
ARTERIAL VALVES OF THE ANTERIOR LATERAL 
ARTERIES OF BATHYNOMUS DOEDERLEINI. 
A.Kihara(l) and K.Kuwasawa(2). 
@)iabr Biol. Hoses sUnaversholajor 
(2)Dept.Biol.,Tokyo Metropol.Univ. ,Tokyo. 


Valves situated at the sites between the 
heart and the anterion  Vateralagecwuece 
receive inhibitory innervation from a pair 
of the anterior cardiac nerves. The phar- 
macological properties of the valves were 
electrophysiologically investigated. 

Picrotoxin did not billock LJRse Chelan 
ergic blockers, Atropine, Mytolon, Methyl- 
xylocholine, and Tetraethylanmonium, effec- 
tively blocked IJPs. 

When the valve was perfused with Ace- 


thylcholine(more than 107/mol/1), the valve 
muscle hyperpolarized with an increase of 
the membrane conductance. The hyperpolar- 
izing response of the muscle evoked by 
iontophoretically applied ACh was also 
antagonized by the drugs. These results 
suggest that the inhibitory valve axons in 
the anterior cardiac nerve is cholinergic. 
Amplitude of IJP was increased or de- 
creased with decrement or increment of 


K*-concentration of purfusates. Amplitude 
of ACh potential was increased with de- 


crease of the K*t-concentration. These 
results suggest that the cholinergic trans- 


EM 
mission is mediated, at least, by K ions. 


Physiology 879 


PH 85 


ACETYLCHOLINE SENSITIVITY OF SINGLE SMOOTH 
MUSCLE CELLS ISOLATED FROM A MOLLUSCAN 
CATCH MUSCLE. 

N. Ishii, T. Takakuwa and K. Takahashi. 
peaeogacal Inst., Fac. of Sci., Univ. of 
Tokyo, Tokyo. 


We examined the sensitivity to acetyl- 
choline (ACh) of single smooth muscle cells 
isolated from the anterior byssus retractor 
muscle (ABRM) of Mytilus edulis, to see 
whether all the individual muscle cells are 
sensitive to ACh. Cells were isolated 
mainly by three methods (methods 1-3). 
Method 1 was similar to that described by 
Ishii & Takahashi (1982), in which 0.1% 
collagenase and 0.025% trypsin were used to 
digest connective tissue. In the other 
methods, 0.1% soybean trypsin inhibitor 
(method 2) and both 0.1% soybean trypsin 
inhibitor and 1 pg/ml leupeptin (method 3) 
were added to collagenase to inhibit tryp- 
tic and non-specific protease activities 
during the period of digestion. Few (about 
10%) of the cells isolated by methods 1 and 
2 were responsive to ACh. However, 68 to 
91% of the cells obtained by method 3 res- 
ponded to 10-4m ACh and the EDsg of ACh, 
based on the number of contracted cells, 
was 10°~M. These results suggest that 
proteolytic activities have an injurious 
effect on the ACh receptors of the ABRM, 
and that virtually all the muscle cells in 
the ABRM are sensitive to ACh. These 
findings were discussed in relation to the 
innervation of muscle cells in the ABRM. 
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EFFECT OF AGING ON THE NEUROMUSCULAR 
JUNCTION: CAT AND ACHE ACTIVITIES. 

H. Washio and C. Imazato. Lab. Neuro- 
physiolo. Mitsubishi-Kasei Inst. Life 
Sciences, Tokyo. 


The experiments were performed on the 
muscle tissue (diaphragm, extensor 
digitorum longus, EDL, and soleus muscles) 
obtained from aged mice (24-32 month old, 
C57BL) and young mice contral (2-5 month 
old, C57BL). Choline acetyltransferase 
(CAT) activity was investigated using the 
homogenized preparation assayed with ['*C] 
acetyl CoA as a substrate. Acetylcholin- 
estrase (AChE) activity was studied histo- 
chemically by the Karnovsky direct 
colouring technique and on using the 
homogenized preparation assayed with [7H] 
Ach as a substrate. 

CAT activity was higher in old muscles 
than in young muscles, showing no deficit 
and even increase in transmitter release 
in old pheripheral synapses. These results 
imply that the partial denervation has not 
taken place in aging muscles, since CAT 
activity decreased markedly in denervated 
muscles. AChE activity was almost the same 
in young and old diaphragm but was higher 
in old EDL than in young EDL. These 
results suggest that there might be a 
correlation between cholinesterase 
activity and type of muscles in the aged 
animal. 
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Tye EFFECT OF HISTAMINE AND ACETYLCHOLIN ON THE 
MECHANICAL PROPERTIES OF ALVEOLAR WALL IN THE 
RABBIT. 

Se Ye Nam. Dept. of Biology, College of Liberal 
Arts and Science, Kyung Hee Univ., Seoul 131, 
Korea 


Maximum extensibility was fell significantly 
by histamine and ACh treatments. A reduction in 
maximum extensibility stimulates the changes in 
alveolar wall properties. Histamine and ACh 
produced an increase in hysteresis ratio and a 
decrease in peak force and slope. For a changes 
in maximum extensibility and peak force, histamine 
produced a greater decrease than did ACh which 
produced similar decrease, 
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PURIFICATION AND CHARACTER IZATION OF 15K PROTEIN 
M. Mori awa’, N. Yokoyama’, K. Yamamoto and H. 
Hayashi . Ocean Res. Igst. Univ. Tokyo, Tokyo, 
Toho Univ. Chiba, and “Nagoya Univ. Nagoya. 


Cyclic AMP-dependent phosphorylation of a 
protein whose molecular weight is 15,000 (15K 
protein) triggers the final step of the initiat- 
ion of trout sperm motility (Morisawa & Hayashi, 
Biomed. Res., 6, 181-184, 1985). The 15 K prot- 
ein was solubilized by homogenizing the semen 
from rainbow trout on ice in 20 mM phosphate 
buffer (pH 7.2) with ultrasonic disruptor at 150 
W for 60 second. The homogenate was centrifuged 
at 100,000 xg for 90 min and the supernatant was 
applied to the ATP conjugated sepharose 4B 
affinity chromatography. After washing through 
the unretarded proteins,the adsorbed 15K protein 
was eluted with 1m ATP and then ATP was removed 
and 15K protein was concentrated by Amicon PM-10. 
15K protein was purified approximately 1000- 
fold by a single passage through the affinity 
column. The purified 15K protein was phosphory- 
lated in both presence and absence of CAMP 
suggesting that 15K protein has lost the regula- 
tory subunit of protein kinase during the puri- 
fication procedures. It was further found that 
spermatozoa of which the plasma membrane was re- 
move by the treatment with Triton X-100 for 60 
sec at room temperature became motile even in 
the absence of cAMP when purified 15K protein 
was added. This suggest that 15K protein has 
the biological activity indispensable for the 
initiation of sperm motility. By using thin 
layer chromatography and two dimensional electro 
phoresis, we found that the phosphorylation 
site of 15K protein is tyrosine residue and 
cAMP-dependent phosphorylation in 15K protein 
proceeds by steps. 
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THE EFFECTS OF ION CHANNEL BLOCKERS ON THE 
SPERMATOZOA MOTILITY IN RAINBOW, TROUT. 

o- Tanimoto and M. MorisSawa’. Toho Univ., 
Chiba, “Ocean Res. Inst. Univ. of Tokyo, Tokyo. 


Sperm motility ° salmonid fishes i 
inhibited by external K and the decrease of K 
and increase of Ca outside of the cell trigger 
the initiation of sperm motility. These ions 
would affect internal initiation process through 
the transmembrane influx or efflux via ion 
channels. To examine the role of these ion 
fluxes on the initiation of sperm motility, the 
effects of ion channel blockers on the sperm 
motility of,rainbow trout (Salmo gairdneri) were 
studied. K channel blockers, TEA (Tetraethyl- 
ammonium), C, (Nonyltriethylammonium; gift from 
Dr .Shinmen) hich is one of the TEA derivatives 
and more permeable through plasma membrane, and 
Cs inhibited the sperm mgtility (£0 50% 
inhibition, required 6 x 10 y, 4 x 10 ~ M and 
225 x, 10 M, respectively). Ba which is known 
as K Channel blocker and affector of Ca 
actions inhibited the motility very, strongly 
(50% inhibition, 4 x 10 M) Ca channel 
blocker ,Verapamil also inhibiged thes motility 
(HO ipleiioiitailemn, 6.5 2% IMO M). Na channel 
blocker Tetrodotoxin inhibited the motility (50% 
inhibition, Cod % TO M). Anion channel 
blockers such as DIDS, Probenecid and Pyridoxal- 
5-phospate were without effect on the initiation 
of trout sperm motility. These result$ suggest 
that transmembrane fluxes of K and Ca through 
ion channels have important roles on the 
initiatjon of sperm motility in rainbow trout 
and Na flux as well anion fluxes may have 
supplemental roles. 
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ACTIVATION OF RESPIRATION AND INITIATION OF 

MOTILITY IN RAINBOW TROUT SPERMATOZOA. 

T.Inoda* ,H.Ohtake ,and M.Morisawa’. 5 
Ocean.Res.Inst.Univ.of Tokyo, Tokyo. Dep.of 

Physiol.Dokkyo Univ.School of Med. ,Tochigi. 


Spermatozoa of rainbow trout,Salmo gairdneri 
become motile when they are suspended into K - 
free solution. In the present study,a burst of 
oxygen consumption(100 nmol oxygen/ml semen/sec ) 
occurred for 4 seconds during the initiation of 
sperm motility in K -free 100 mM NaCl solution. 
The short-term oxygen consumption was affected 
by the inhibitors of respiratory chain(Antimycin 
A,NaN,) and uncoupler(CCCP),and sperm motility 
was completely inhibited by these reagents.These 
suggest that energy production by the short-term 
respiration is indispensable for the initiation 
of sperm motility. K ,a physiological factor for 
the initiation of salmonid sperm motility had no 
effect upon sperm oxygen consumption: the rate 
and pattern of oxygen consumption of the sperm 
which were quiescent in K -rich medium was 
almost the same as that of the sperm which were 
motile in K ~free medium. We thus concluded that 
reduction of K never acts on the respiration in 
the mid piece of sperm,but acts on directly on 
the flagellum and induce the initiation of sperm 
motility. Although it is still obscure which 
mechanism is involved in the initiation of 
energy supply from mitochondria to flagellum 
during the initiation of sperm motility at 
spawning, we obtained the results that complete 
anaerobic condition did not affect sperm 
motility,and that CO, is the powerful inhibitor 
of sperm motility in fainbow trout. 
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INITIATION MECHANISM OF SPERM MOTILITY IN 
TUNICATES. 

S. Morisawa! & M. Morisawa% 'Biol. Lab., St. 
Marianna Univ., Kawasaki, 7O0cean Res. Ins., 
Univ. of Tokyo, Tokyo. 

We previously showed that Ca™and cAMP 
are the indispensable factors for the ini- 
tiation of sperm motility in Ciona intesti- 
nalis obtained in Naples Bay, Italy (Zool. 
Sci., 1, '84). In Japanese tunicate Ciona 
savignyi(Hoshino & Nishikawa, Publ.Seto 
far. Lab., 30, '85) obtained in May in 
Yamada Bay, Iwate prefecture, spermatozoa 
were almost immotile(10 in 11 animals) in 
sea water or artificial sea water(ASW), 
pH8.2, but became motile when they were 
suspended in high pH ASW(pH9.0-9.8). This 
pH-induced motility was supressed by 20mM 
K' which is compatible with the seminal con- 
centration of K*in Ciona intestinalis. 
Sperm motility increased with decrease of K’* 
concentration and exhibited full motility 
below 10mM K*,concentration of sea water. 
Tetraethylammonium, nonyltriethylammonium 
and verapamil which are well-known blockers 
of K*’ and Ca* channels considerably inhibited 
motility of intact sperm of Ciona savignyi. 
Furthermore it was found that spermatozoa 
demembranated with Triton X-100, which were 
almost immotile in the absence of cAMP, be- 
came motile in the presence of cAMP. These 
facts suggest that transmembrane exchange 
of K and Ca”may affect the production of 
intracellular cAMP and cAMP triggers the 
3mitiation of sperm motility in Ciona sa- 
vignyl. or 
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DIGITAL IMAGE ANALYSIS OF FLAGELLAR 
MOVEMENT IN SEA-URCHIN SPERM. 

SaAe Baba and Ye) Mogalmal. i Diep Or me seOnten, 
Ochanomizu Univ., Tokyo. 


The method of digital image analysis of 
flagellar bending shapes (1) was improved 
I\\yy WSime 35 Mim Inieiln-VeesoOlWicilOm fillin, 
instead of 16 mm cine film, for recording, 
and by introducing new techniques in image 
digitization and computation, which could 
Significantly reduced errors due tetova 
limited resolution (512x320 pixels) of the 
digitization of flagellar images. By this 
method, we analyzed the bending shapes of 
sperm flagella of the Sleamupaeheaay 
Pseudocentrnotus depressus, msecorndedmwesak 
80 Hz strobo-flashes when the sperm were 
swimming or attached by the head, with 
beat frequency of 30 - 40 Hz. We found 
1EIGOIN) ieNS CGlheyverclieS CwievS, iin wWinncin Ele 
CwheveicvicS Of a cilacgeililwm was jolocered 
against the distance along the length, s, 
that the derivative of curvature with 
respect to the distance tended to remain 
constant over a substantial range of s. 
From this finding, we proposed a model on 
the basis) of the equation Jor momen 
balance and the sliding hypothesis (2) 
that the silmidiing force) an) the waxonteme 
remains constant over a region along the 
length. 
ilo Beloa, Sos aincl MoCgaimMsl, Wop IY85. Cell 
Motility (in press). 

Qe Biwi, Woda inch wanes, Wlo, L979. OUAirie- 
Rev. Biophys. 12:103-108. 
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NEGATIVE GEOTAXIS IN PEA URCHIN EMBRYOS. 
Y.Mogami, T.Yamaguchi', C.Oobayashi’, Y. 
Ogiso, and S.A.Baba.,Dept. Biol. Ochanomizu 
Univ. Otsyka, Tokyo, MITSUBISHI Chem. Ind., 
Kanagawa, Dinabot, Chiba. 


Swimming behavior of sea urchin embryos 
was examined. Throughout the developmental 
stages investigated (from blastula to plu- 
teus) embryos showed negatively geotactic 
behavior. The typical negative geotaxis was 
observed at gastrula-early prism stage, 
where the swimming activity was at its 
maximum. After this stage embryos chanaed 
their geotactic behavior. The velocities of 
the swimming in a vertical plane which, in 
earlier stages, was smaller than those in 
a horizontal plane turned to be larger in 
later stages. The swimming direction which 
was mainly upward in earlier stages became 
somewhat to be randomly oriented in later 
stages. Embryos in earlier stages swam in 
a different speed as a function of the 
swimming direction, i.e. faster in downward 
but slower in upward direction, but in 
later stages they became to swim at a con- 
stant speed in any direction. These results 
suggest that the different system/mechanism 
for geotactic behavior of sea urchin em- 
bryos emerges at a certain developmental 
stages between gastrula and prism. 
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EFFECTS OF LOCAL APPLICATION OF CALCIUM ON 


DEMEMBRANATED CHUM SALMON SPERM FLAGELLA 


meeeeuno, Dept. Biol., Coll. Arts & Sci., 


Univ. Tokyo, Tokyo. 


Chum salmon spermatozoa were collected, 
demembranated with Triton X-100 and 
reactivated in the presence of MgATP- and 
cAMP. Reactivated spermatozoa generated 
Iontophoretic 
to the beating flagella 


symmetrical bending waves. 

application of Ca 

was carrieg out. 
When Ca 


while the proximal part 


unchanged dyring the application of Ca 
When Ca was applied to the basal 


region of the flagellum, decrease of beat 
frequency and increase of amplitude were 


observed in addition to the wave asymmetry. 


Sometimes, quiescence with the cane shape 


flagella was observed. 


Present results could suggest that the 
asymmetry of the bending wave results from 
superimpose of symmetrical bending waves on 


Ca induced intrinsic bend of flagella. 


was applied to the distal part 
of the flagellum, the bending wave’ beyond 
the point of application became asymmetric 
maintained 
Symmetry. When the calcium efflux stopped, 
the wave recovered symmetry. The direction 
of asymmetry, i.e. the side of principal 
and reverse bend of flagella, was not 
changed even when the side of the 
micropipette against the flagellum or the 
ongse of the bending wave at application of 
Ca was altered. The beat frequency and 
the average bend angle were essentially 
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CHARACTERIZATION OF MAMMALIAN SPERM BY 
EQUILIBRIUM SEDIMENTATION IN PERCOLL. 
S.Oshio and H.Mohri. Dept. of Biol., Coll. 
of Arts and Sci., Univ. of Tokyo, Tokyo. 


Sperm distribution profiles in Percoll 
equilibrium sedimentation were examined 
with semen samples from eight different 
animals. Percoll formed a continuous 
density gradient during centrifugation at 
30,000g for 30 min. Semen samples were 
obtained from ejaculates of bull, human 
and rabbit and from cauda epididymis of 
goat, golden hamster, house musk shrew, 
mastomys and mouse. Sperm distribution 
profiles of bull, goat, human and rabbit 
showed one main peak, whereas those of 
golden hamster, house musk shrew, mastomys 
and mouse showed separated two main peaks 
after the centrifugation. The difference 
in sperm distribution profiles would be 
mainly due to the difference in maturity 
of sperm in ejaculates or epididymis from 
animals to animals. Motile and morpho- 
logically mature sperm were found at the 
lower part of the gradient with higher 
apparent cell density, whereas immotile or 
immature sperm were obtained from the upper 
layer in all the animals examined. This 
suggests that sperm motility is related to 
apparent density of sperm cells. 
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BENDING MOTION OF THE AXONEMES HAVING THE 
EXTRUDED CENTRAL PAIR. 

Y.Hosokawa and T.Miki-Noumura. Dept. of 
Biol. Ochanomizu Univ.. Tokyo. 


We succeeded to obtain the partially 
extruded central pair from the axonemes in 
quantities. by brief digestion of the 
isolated Chlamydomonas flagella by 
elastase. The partialy extruded central 
Pair. with about 10um in Jength. rotated 
around the axis of the axoneme. 

The demembranated axonemes having 
Partially extruded central pair. by 
addition of ATP. began to beat with a 
flagellar-type pattern and swam in helical 
path to the direction of proximal end of 
flagella. trailing the extruded central 
Pair as atail. The frequency of beating 
was lower with around 10HZ. anc duration 
Of beating cycle was not constant. The 
flagellar-type beating of thg axoneme was 
observed in both low (10 “M) and high 
(10 “M) Ca concentrations. while no 
ciliary-type beating was observed in = any 
concentrations of Ca ions. 

Combined togather the results by Omoto 
and Kung in 1980 on Paramecium cilia with 
ours. the rotation of the central pair in 
the axonemes might induce the beating of 
Ciliary-type pattern. while the resting 
phase of the central pair rotation. or its 
absence brought about the change of 
beating pattern to flagellar type. Ca ions 
might control the rotation phase to change 
from active to resting. 
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FLAGELLAR RESPONSE TO ELECTRICAL 
STIMULATION IN CHLAMYDOMONAS REINHARDTII. 
K. Yoshimura and K. Takahashi. Zool. 
limes, Pees OF SEtla, Unilwo O8 WOKRVO, 
Tokyo. 


Single cells of wild type Chlamydomonas 
reinhardtii were held by suction with a 
micropipette and the movements of their 
flagella were filmed at 400 frames/sec 
with a high speed 16mm camera. When the 
cell was stimulated with an electric pulse 
(0.2-0.4pA, Imsec) delivered through the 
micropipette, a flagellar response similar 
to that observed in the photophobic 
response was induced. The flagella, which 
normally show ciliary type movement, 
abruptly changed their beat pattern to 
flagellar type. The response was induced 
more readily when the suction electrode 
was used as anode than when it was used as 
cathode. The flagellar type movement 
continued for about 0.5sec, after which 
normal ciliary type movement was resumed. 
The changes of the flagellar waveform 
Gliieraiey jell ieissiovsyaliesLoyg  tewom Gal lldesay co 
flagellar type of movement depended on 
various factors including the timing and 
intensity of the stimulus. QOuantitative 
SNE SbS Ole ene EChiamqes 18 Mow aan 
progress. 
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VARIATION OF HEMOGLOBIN CONTENT IN DAPHNIA 
MAGNA. 


M. Kobayashi and T. Nezu. 
DEINE, Oie lO, Pees OH SCilop Wave Oi 
Niigata, Niigata. 


The total hemoglobin content in red 
Daphnia magna (Hb-rich) increased steadily 
with an increase in the body size. In 
pale animals (Hb-poor), the total hemoglo- 
bin content was one-tenth that in red ani- 
mals. It tended to increase in immature 
animals that had a large number of eggs 
and were larger in size than red animals, 
a steady increase was not observed. The 
lowest hemoglobin concentration was 0.24 
and the highest one was 241 mg Hb/g dry 
weight. 

The hemoglobin content in egg from pale 
animals was 0.17 and that from red animals 
was 0.53 pg Hb. Approximately 0.11 pg Hb 
in an egg decreased during the embryonic 
development. 

In low oxygen concentration, the hemo- 
globin concentration in immature animals 
increased quickly, while in large animals 
an increase in the hemoglobin concentra- 
tion was slow, and animals larger than 3 
mm were unable to become red animals. 

In aerated water, the hemoglobin con- 
centration in red animals began to decre- 
ase after 24 hr and it took 5 days for a 
50 % decrease from the initial value ana 
PS days fomra Ws s decrease). 
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A COMPARISON OF SEAWATER AND FRESHWATER 
EEL FOR THE EFFECTS OF L-ALANINE ON WATER 
TRANSPORT ACROSS THE INTESTINE 

M. Ando. Lab Of Physiol. , | Hac mo famine 
grated Arts & Sci., Hiroshima Univ., 
Hiroshima. 


A new perfusion technique was applied 

to the everted intestine isolated from sea- 
water or freshwater eel. When the seawater 
eel intestine was perfused with glucose- 
or glucose-free- Ringer solution, net water 
flux from mucosa to serosa was decreased 
gradually with time, accompanied with dimi- 
nution of serosa-negativity in transepi- 
thelial potential difference (PD). Mucosal 
addition of L-alanine (5 mM) restored the 
net water flux and the serosa-negative PD 
to higher levels respectively, after latent 
periods of 10 - 20 min for the PD and 20 - 
30 min for the net water flux, with a con- 
comitant increase in net Na andCl fluxes. 

On the other hand, in the fresh water eel 
intestine, net Na , Cl and water fluxes 
were not Significantly enhanced by L- 
alanine, whereas similar effects of L- 
alanine on the PD was obtained. Therefore, 
it may be reasonable to conclude that L- 
alanine is a regulator which plays a role 
for maintaining water transport at high 
level, at least in the seawater eel in- 
testine, and that the water transport a- 
cross the freshwater intestine is barely 
sensitive to L-alanine. 
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EFFECT OF CHANGING ILLUMINATION ON OXYGEN 
CONSUMPTION OF DIURNAL, VESPERAL AND NOC- 
TURNAL FISHES. 
S.-I. Umezawa, K. Taneda, M. Yamasaki and 
M:) Ohaiza. Dept. Of Biloll, (hacemor moet, 
Univ. of Kochi, Kochi 

The effects of changing illumination on 
oxygen consumption of the diurnal gobies 


(Tridentiger obscurus, Rhinogobius brunneus, 


Sicyopterus japonicus) and the sand loach 
(Cobitis biwae), the vesperal hotokedojo 


(Lefua echigonia), and the nocturnal reddish 
bullhead(Liobagrus reini), were investigated 
using a polarographic oxygen electrode with 
continuous flow respirometry. The oxygen 
consumption of an isolated diurnal fish in 
the respirometer tube, either decreased 
when the fish was placed in a dark state 
simulated by dimming an electric light or 
increased when placed in a light state 
simulated by intensifying the light. On the 
contrary, when an isolated nocturnal red- 
dish bullhead was placed in similar dark 
and light states, its oxygen consumption 
increased or decreased, respectively. These 
observations seem to simulate the natural 
habits of the fishes, which tend to be 
active in the day or during the night. 
However, an isolated fish of both the sand 
loach and the vesperal hotokedojo consumed 
less oxygen in a gloomy state. But, when 
the fish were placed in either dark or 
light states, their oxygen consumption in- 
creased. This seems to indicate that the 
sand loach is not a diurnal but a vesperal 
species like that of the hotokedojo. 
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THE RELATIONSHIP BETWEEN BODY COLOR AND 
BLACK-WHITE BACKGROUND PREFERENCE IN THE 
FISH, BETTA SPLENDENS. 

T.Moriya and Y.Miyashita, Dept. of Biol., 
Sapporo Med. College, Sapporo. 

The preference on the fish, Betta 
splendens, for black or white background 
color was observed using an experimental 
tank which was divided into white and 
black colors. This fish, especially the 
female, rapidly changes its body color 
according to the background color. The 
fish kept for one week in a black 
background showed a strong preference for 
black, while keeping fish for one week in 
a white background increased the time the 
fish stayed in the white area of the 
experimental tank. These results show 
that the environmental color affects the 
background color preference. On the other 
hand, when the white-adapted fish was 
treated with reserpine, its body color 
became black even in a white background, 
and it showed a significant preference for 
black when compared with control fish 
(reserpine-untreated). Next, we examined 
the difference of preference for 
background color between the female and 
male because they show quite a difference 
in their body colors in the same 
background color; the male is darker than 
the female. Males exhibited a greater 
preference for black than females. 

It seems as if they recognize their body 
color and try to move into a fitting 
background color to hide. 
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LIGHT SENSITIVE MELANOPHORES OF ORYZIAS 
LATIPES IN CULTURE. 

s-Negishi, Dept. of Biol., Keio Univ., 
Yokohama. 


Oryzias melanophores of adult fish cul- 
tured for 2-6 days can respond to darkness 
with pigment aggregation, and to light with 
dispersion. These responses, whose degrees 
were changed in accordance with the inten- 
sity of illumination, were not affected by 
G&- or B-adrenergic blockers. The light 
sensitivity of melanophores was changed 
depending on the wavelength of illumination 
; the most effective wavelength was near 
415 nm and that around 550 nm was scarcely 
effective. Theophylline, a potent inhibitor 
of phosphodiesterase and cyclic AMP pre- 
vented dark-induced melanosome aggregation. 
Such inhibition suggests that the light may 
act as a trigger to induce the changes in 
intracellular levels of cyclic AMP. 

Calcium (Ca2+) deprivation from the 
extracellular medium when 0.5 mM lanthanum 
(La3+) was added caused pigment aggregation 
of melanophores maintained in the light. 
Dark-aggregated melanophores under the 
addition of La3+ exhibited no response to 
illumination, but can respond to theophy- 
lline. This inhibition of the light-sensi- 
tivity was recovered by washing-out La3+. 
These results suggest that extracellular 
Ca2+ is required in the light-induced dis- 
persion of melanosomes. 
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PRODUCTION OF CRYSTALLINS IN DIFFERENTI - 
ATLON~ INDUCED NEOPLASTIC PIGMENT CELLS 
(GOLDFISH, ERYTHROPHOROMA CELLS) IN VITRO, 


T.Akiyama , J, Matsumoto ’~, T. Ishikawa*~, 
and G. Egughi Dept. Biol., Keio Univ., 
Yokoham “Dept. Exp.Pathol., Cancer Inst., 
Tokyo, Dept. Morphogenesis. Natl. InSt. 
for Basic Biol., Okazaki. 


Possible formation of ecrvstallins' by 
goldfish erythrophoroma (tumors of ery- 


throphores, GEM) cells in vitro were 
examined by combined Sephadex G-200 gel 
filtration, SDS-PAGE, immunoblotting and 
indirect immunofluorescence assays. GEM 
81 and GEM 218 cell lines often formed 
small spherical transparent lentoid bodies 
within cell mounds) of their monolaver 


culture after double treatment with DMSO 
and autologous serum. Partial purification 
of a water-soluble extract of such lentoid 
bodies by gel filtration and subsequent 
immunoblotting using the antibodies 
(polyclonal)? against newt whole lens 
proteins revealed, some twenty peptides 
(19-27K dalton) belonging to &- or 8B- 
crystallins. immunof luorescence with 
antibody revealed heavy labelling of 
lentoid bodies formed by these GEM cells. 
These findings indicate that goldfish 
eryvthrophoroma cells are capable of 
crystallin production and lentoid body 
formation upon induction of differ- 
entiation. Expression of crystallin genes 
in these cells are presumed to be due 
to neoplastic transformation. 


PH 104 


LOCAL LIGHT STIMULATION OF MELANOPHORES OF 
A TELEOST,ZACCO TEMMINCKI. 

T. IGA, H. NAORA AND I. TAKABATAKE. Dept. 
Biol., Fac. Sci., Shimane Univ., Matsue. 


Responses of melanophores of a teleost 
Zacco temmincki to local light stimulation 
were examined in isolated scale prepara- 
tions. The melanophores caused melanosome 
aggregation in darkness and dispersion in 
light. Local illumination of a branch or a 
part of it of a melanophore which had kept 
the light-adapted state inhibited centri- 
petal migration of melanosomes in the 
Stimulated area. Local stimulation of the 
centrosphere of a cell caused an increase 
in size of melanosome aggregation mass as 
compared with that of its aggregation mass 
in complete darkness regardless of stimu- 
lation from light-adapted, or dark-adapted 
state. Local stimulation of a branch or a 
part of it from the dark-adapted state 
brought about local pigment dispersion 
into the area of stimulation, except for 
the case that the area was not in contact 
with the melanosome mass, in which melano- 
somes in the central mass never migrated 
into the irradiated area. A branch severed 
from the cell responded to darkness with 
melanosome aggregation or to light with 
its dispersion as the cell body did. It 
was discussed that photoreceptive sites 
distributed over the whole of a cell. The 
results supported the concept of a local 
mechanism of pigment translocation regu- 
lated in a very precise manner. 
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MICROTUBULES AND PIGMENTARY RESPONSE OF 
MELANOPHORES IN AN ANTARCTIC TELEOST. 
M. Obika! and V. B. Meyer-Rochow2. lDept. 
Biol. Keio Univ., Yokohama and 2Dept. 
Biol. Sci. Univ. of Waikato, Hamilton, 
New Zealand. 
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The teleost Pagothenia borchgrevinki 
lives in the Antarctic Ocean where the 
water temperature stays around -1.9° (min. 
=2205, maxe—-ho40)) throughout themyear 
(Littlepage, 1965). We studied the ultra- 
structure of melanophores and the sensi- 
tivity of their physiological responses 
to a microtubule disrupting agent nocoda- 
zole and a dynein-ATPase inhibitor EHNA. 
Melanophores possess numerous microtubules 
in large bundles. They are twisted rather 
than straight and occasionally branched. 
in cCnoss sections.) Cc. snus) andmothern sins 
regularly shaped tubules are frequently 
encountered. Epinephrine and theophylline 
induce melanosome aggregation and disper- 
sion, respectively, within a few minutes. 
Nocodazole (3 pM, 1 h) disrupts microtu- 
bules to a large extent thereby inhibiting 
melanosome aggregation. EHNA (2 mM, 6 
min) slows down both aggregation and dis- 
persion. The results indicate that this 
fish has a cold-resistant microtubule 
system on which intracellular migrations 
of melanosomes depend. We also believe 
that dynein-tubulin interaction is in- 
volved in the production of the motive 
force for pigment translocation. 
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DISTRIBUTION OF MELANOPHORE NERVES’ IN 


SCALES OF THE GOBY, RHINOQGOBIUS BRUNNEUS,. 
T. Naitohl, S. Miyata2 and K. Yamada2. 
Depe= Of | Biole haces Orem Scie ls Shumane 
Univ., Matsue and 2Z001. IIMS op WAG, Oi 
Sci., Hiroshima Univ., Hiroshima. 
ee ee eee ee ee 
In an attempt to elucidate the mechanism 
of the formation of fish body patterns, the 
distribution pattern of adrenergic nerves 
to scale melanophores of the goby was 
determined by light microscopic autoradio- 
graphy using 3H- norepinephrine. Generally, 
nerve fibers ran approximately parallel 
with each other through a scale from its 


detached margin to the peripheral portion 
to form fine networks around melanophores. 
Each melanophore was usually innervated by 
more than two neighboring nerve fibers. 
In scales isolated from the pale area of 
the fish, both melanophores and nerves were 
not so many and 5 to 25 melanophores were 
seen to form separate groups receiving 
KEespeective iImnervation.. By jicontrast, an 
scales obtained from the dark area, es- 
pecially in their central region, numerous 
melanophores were observed. Each nerve 
fiber distributed to about 10 to more than 
40 melanophores. These findings suggest 
that differences in the distribution densi-. 
ty of melanophores and their innervation 
pattern among the scales contribute to the 
formation of fish body patterns at least at 
the peripheral level. 
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THE PATTERN OF ADRENERGIC INNERVATION AND 
RESPONSIVENESS OF MELANOPHORES IN SCALES OF 


THE MEDAKA, Oryzias latipes. 
I.Kawail, K.Yamada2 and K.Nakanel. JAjchi 
Pref. Coll. of Nursing, Nagoya and 2Zool. 


Inst., Fac. of Sei, HiroshamasUniaer 
Hiroshima. 


Isotonic KCl and 5 uM norepinephrine in- 
duced a full aggregation of pigment within 
melanophores and xanthophores in scales 
isolated from the dorsal trunks of the 
madaka. However, melanophores in scales 
isolated from the lateral trunks were 
observed to be less reactive to Kt. To 
investigate this difference in reactivity 
of melanophores between scales, the pattern 
of adrenergic innervation to the cells was 
examined by autoradiography with 5H-norepi- 
nephrine and zinc iodide-osmium staining 
method. In the dorsal scales, many vari- 
cose nerve fibers were distributed, forming 
dense plexuses on individual melanophores, 
and passed along xanthophores, but in the 
lateral scales, relatively few nerve fibers 
were distributed and nerve plexuses on 
melanophores were either rough or absent. 
These findings imply that the difference in 
response of melanophores to KCl between the 
scales is dependent on the difference in 
pattern of their innervation, ies sonmene 
difference in the amount of transmitter 
released, but not on the difference in the 
intrinsic affinity of adrenergic receptors 
in the cells to the transmitter. 
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ACTIONS OF icebae FORSKOLIN AND ADENOSINE ON 
FISH MELANOPHORES. 

S. Namoto and K. Yamada. Zool. Inst., Fac. 
of Sci., Hiroshima Univ., Hiroshima. 


Li’ induces aggregation of pigment with- 
in denervated melanophores of the medaka, 
Oryzias latipes. To investigate the action 
of Li , effects of forskolin and adenosine, 
activators of adenylate cyclase, were exam- 
ined on Li -induced aggnegated ~metane = 
phores. Usually denervated melanophores 
responded to 65 mM Li with about 70% of 
the maximum pigment aggregation. Forskolin 
inhibited the response to Li and induced 
dispersion of pigment. The effect was dose- 
dependent and the threshold concentration 
was about 2 nM. Propranolol, a beta adren- 
ergic antagonist, had no influence on the 
action of forskolin. Adenosine at more than 
0.3 uM also inhibited the action of Li. 
Propranolol had no effect but caffeine, an 
antagonist of adenosine receptors, reduced 
the adenosine action. Since Li is known 
to inhibit adenylate cyclase activity, the 
present results suggest that Li induced 
pigment aggregation by reducing the intra- 
cellular cAMP level through inhibition of 
the basic activity of adenylate cyclase. 
Forskolin caused dispersion of pigment by 
activating the Li -inhibited enzyme direct- 
ly, while adenosine did so by activating it 
through stimulation of adenosine receptors 
in the cells. 
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OPTICAL ANALYSES OF REFLECTION IN_ THE 
MOTILE IRIDOPHORES OF BLUE DAMSELFISH. 
H.Kasukawa, N.Oshima and R.Fujii. Dept. of 


Pe Fac..of Sci., Toho Univ., Funabashi. 


The mechanisms of light reflection in 
the motile iridophores of the blue damsel- 
fish, Chrysiptera cyanea, were _ studied. 
When a skin preparation was equilibrated in 
Ringer, the spectral peak of the reflected 
light stood around 380 nm. Norepinephrine 
(NE) caused a progressive shift of the peak 
towards longer wave lengths up to 530 nm. 
Such a spectral shift may be explained in 
terms of the "“non-ideal" multilayered 
thin-film interference phenomenon. That is, 
the distance between contiguous platelets 
in a stack of them may vary synchronously 
in response to some stimuli. The shift 
towards longer wave length was designated 
as the “coloring response", while’ the 
reverse change was defined as the "clearing 
one“. The shift induced by the tonicity 
changes could also be explained as a result 
of the same phenomenon. The effect in 
spectral reflectance of hypotonicity was 
not antagonized by alpha adrenolytic drugs. 
Adenosine (AS) brought about the clearing 
response. These results indicate that the 
responses to tonicity changes are simply 
caused by the cellular volume changes, 
whereas the coloring response and the 
clearing one to NE and AS, respectively: 
may be mediated by respective membrane 
receptors, leading finally to some unknown 
mechano-chemical change directly involved 
in the cell motility. 
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FUNDAMENTAL STUDIES ON MOTTLED ALBINISM 
OCCURRING AMONG FLOUNDERS IN _ ARTIFICIAL 
PROLIFERATION. 

M.Nagai, H.Kasukawa and R.Fujii. Dept. of 


Biol., Fac. of Sci., Toho Univ., Funabashi. 


In recent years, mottled albinism has 
been reported to occur at very high rates 
in the trials to proliferate flatfishes 
(Pleuronectiformes) artificially. Using the 
flounder, Paralichthys olivaceus, we have 
made basic studies to elucidate the phenom- 
enon. Microscopic observations revealed 
that there were macro-melanophores, micro- 
melanophores, xanthophores and iridophores 
in the integument. In the skins of normal 
fish as well as of normal portions of the 
abnormal ones, micro-melanophores were 
Prominent. In albinistic regions of the 
skin, there were only few micro-melano- 
phores and xanthophores, and we could find 
only few scattered macro-melanophores. In 
most melanophores there, melanosomes were 
found almost aggregated in the perikarya. 
Pharmacological analyses indicated that 
melanophores were controlled by adrenergic 
sympathetic fibers. In contrast with the 
normal chromatophores, abnormal ones gener- 
ally showed much lowered responsiveness. 
Especially, the pigment-dispersing system 
seemed to be severely impaired. That is, 
adenosine, an established co-transmitter of 
chromatic fibers to disperse pigment, 
totally lacked the action. While phentol- 
amine showed slight pigment-dispersing 
action, alpha-MSH and beta-agonists were 
ineffective on most melanophores. 
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ROLE OF CALCIUM IN INTRACELLULAR PIGMENT 
MOVEMENT IN FISH CHROMATOPHORES. 

N.Yamaji, N.Oshima and R.Fujii. Dept. of 
BLOLep dca OL pClass, TOhO Univ. Funabashi. 


hanges in the intracellular levels of 
Ca seem to be deeply involved in the 
pigment migratipn within chromatophores. 
Applying a Ca ionophore, A23187, to 
erythrophores in primary culture of red 
platyfish, we have first confiymed that an 
increase in extracellular Ca Gitar 1. } 
gave rise to chromatosgme aggregation. The 
threshold external Ca concentration te 
induce pigment aggregation was about 105, 
M. By making use of a new fluorescent Ca 
indicator, quin 2, we also examined whether 
norgpinephrine (NE) causes an increase in 
Ca .. Since erythrophores were found to 
contain much endogeneous fluorescence, we 
employed for this purpose melanophores 
dissociated from the integument of platy- 
fish scales, and those on split-fin pieces 
of the tilapia, Sarotherodon niloticus. NE 
ingyced an apparent increase of cytosolic 
Ca. Meanwhile, it is. now thought that 
calmodulin is a major Ca receptor protein 
in various cells. Also in erythrophores of 
platyfish, the effect of NE was inhibited 
by W-7, a calmodu}jn antagonist. It is thus 
suggested that Ca” -calmodulin may activate 
phosphodiesterase, which catalyzes cAMP 
breakdown into 5'-AMP. 
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NATURE OF ADENOSINE RECEPTOR IN THE MOTILE 
IRIDOPHORE OF BLUE DAMSELFISH. 
R.Fujii and N.Oshima. Dept. of Biol., Fac. 
of Sci., Toho Univ., Funabashi. 


The motile iridophore of blue damselfish 
is characteristic of possessing only 
alpha-adrenoceptors and adenosine receptors 
for its motility regulation (Kasukawa et 
al vy 1985). Using the damselfish, 
Chrysiptera cyanea, we have tried to 
examine the nature of adenosine receptor by 
applying adenosine and related substances 
to the cells on a split dorsal-fin piece in 
vitro. Adenosine was confirmed to be very 
effective in inducing the clearing response 
of the iridophore. Either cAMP or cGMP gave 
rise to the same response. Since theophyl- 
line blocked the action of these cyclic 
nucleotides, it was concluded that they act 
on adenosine receptor, not invading the 
cell to simulate the second messenger. Both 
guanosine and uridine partly substituted 
the action of adenosine. Thus, the 
structural requirement for the base moiety 
of the agonist seems to be not so specific 
as the receptors known to date. 5'=-deoxy- 
adenosine was sufficiently effective. On 
the other hand, 2'= and 3'-deoxyadenosine 
were shown to have very weak action, if 
any. These results indicate that the 
presence of hydroxyl radical(s), and/or 
oxygen element(s) contiguous to C-2' and 
C-3' in the ribose moiety is important for 
the agonistic action of ligands to 
adenosine receptor on the iridophore. 
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MECHANISM OF MOTILE IRIDOPHORES OF BLUE 
DAMSELFISH. 

N.Oshima, T.Furuuchi and R.Fujii. Dept. of 
Biol., Fac. of Sci., Toho Univ., Funabashi.- 


That iridophores of blue damselfish are 
motile and play a predominant role in their 
rapid color change has been shown by us 
lately “(Oshima vet alia 985) Bheshassemot 
the spectral peak of reflected light from 
the cells is caused by the change of the 
distance between adjoining reflecting 
placelvlees cons el Euemng sehen se pilie wor mtmnem 
within the cytoplasm. In this report, we 
have attempted to elucidate the motile 
mechanism of this unique iridophore. The 
coloring response, i.e. the reaction in 
which the cell becomes more reflective to 
ikeneieie Wee-lkeingiea JIlicineseeys, CO moe 
epinephrine was reversibly inhibited by 
colchicine and vinblastine, microtubule- 
disrupting agents. A dynein ATPase inhibit- 
or, erythro-9-B- (2-hydroxynony1] )hdenine 
(EHNA), also efficiently blocked the 
response. On the other hand, cytochalasin 
B, an inhibitor of the microfilament 
system, had no significant effects. It is 
therefore conceivable that tubulin-dynein 
system 1S primarily concerned with the 
motile response. Recently, calmodulin has 
been shown to take indispensable part in 
many cellular processes. That a calmodulin 
inhibitor, W-7, inhibited the response 
reversibly may indicate that the Ca-binding 
protein is certainly involved in this 
characteristic cellular movement. 
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COMPARISON OF MECHANICAL PROPERTIES OF 
SMOOTH MUSCLE IN A STRIP PREPARATION AND 

A WHOLE TISSUE OF GUINEA-PIG VAS DEFERENS. 
H. Mizobe, T. Tsuchiya and H. Sugi,Dept. of 
Physiol.,Sch. of Med.,Teikyo Univ.,Tokyo 


Mechanical properties of smooth muscle 
are usually investigated by using strip 
preparations dissected out of tissue. It is 
» however, probable that these mechanical 
properties are different from those of a 
whole tissue. To examine this possibility, 
the length=tension relation of circular 
muscle and longitudinal one in guinea-pig 
vas deferens was determined in two methods. 
In one method, longitudinal strip prepara- 
tions and circular ones were dissected and 
stimulated electrically in various length. 
Tension developed over wider range of length 
in circular preparation than in longitudinal 
one and the length=tension curve had rapid 
fall-off at short length in circular prepa- 
ration and at long length in longitudinal 
one. In another method, a whole tubular 
tissue was mounted in a bath with one end 
connected to pressure gauge. The length 
and diameter was changed by changing the 
resting intraluminal pressure.The average 
longitudinal and circumferential wall ten- 
sions were calculated from the active 
pressure response. The length=-tension curves 
thus obtained were similar in shape to those 
in strip preparation but tension developed 
in much smaller range of length than in strip 
preparations. 
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STIFFNESS CHANGES BEFORE, DURING AND AFTER 
RAMP STRETCH IN FROG SINGEE MUSCER iiss 
lM. Tsuchiya and Hr) Sugai) Derit som mean ss mopeen 
SElas Cie WeScls 6 Waslayo Widalhy,5 olksvro - 


Contractile tension in skeletal muscle 
is well known to increase above isometric 
level during and after stretch and this 
vhenomenon was investigated on living sin- 
eve muscle fibers! of fros. t was stretch- 
ed with constant velocity during steady 
fused tetanic contraction at low temvera-= 
ture(3-4°C). The tension increased ranidly 
at first and then slowly during stretch. 
After stretch, the tension had a phase of 
rapid decay in the first sec and this was 
followed by slow vnases, the tension beine 
higher than control isometric tetanic 
tension in five sec after istretchus dims 
decay of the tension after stretch was 
resolved into three exvnonential comvonents 
and the fast one was largely devendent on 
the ramp velocity, though the intermediate 
and slow ones were devendent on stretcn 
amplitude. The stiffness was measured by 
suverimposing sinusoidal vioration on the 
ramp length change (0.9 kHz, 0.1%). During 
stretch, the statitiness ancereasedmsecerian 
at first and then beran to decrease, though 
the tension continued to rise. After i 
Stretch, it decayed exponentially and reach-= 
ed the level which was vroduced during iso= 
metric tetanic contraction at the sarco= 
mere length after stretch. 
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OBSERVATIONS OF FILAMENT STRUCTURES AND 
CROSS-BRIDGES IN SKELETAL MUSCLE FIBERS BY 
THE FREEZE-FRACTURE METHOD. 

S.Suzuki, Y-Oshimi and H.Sugi.) §Depeamenr 
Physiol., Sch. of Med., Teikyo Univ., Tokyo. 


Mechanically skinned fibers of frog semi- 
tendinosus muscle were frozen using a liquid 
helium freezing device. Freeze-fracture, 
deep-etch, rotary shadowing replicas were 
obtained with aBalzers BAF 301 freeze-etch 
machine, and examined with a JEOL 100CX 
electron microscope. In relaxed fibers, 
cross-bridges were arrayed along the thick 
filament in right handed helix, and the 
helical angle tothe filament axis is about 
37°. Center-to-center distance between 
cross-bridges along the helix was 16.09 + 
2.74 nm, while the distance between them 
along the filament axis was 12.84 + 3.00 nm 
(mean + SD, n=90). Short and long diameters 
of the ellipsoidal cross-bridges were 13.09 
+1.7l1nmand 20.45 4+ 3.05nm (with Pt, n=188), 
respectively. The diameter of G-actin build- 
ing up the thin filament was 5.50 + 0.19nm 
(n=111). Some cross-bridges projected from 
thick filaments and attached to the G-actins 
of adjacent thin filaments. Projecting 
angle of those cross-bridges was 18.92 
15.10° (n=73) against the plane normal to 


the filament axis. The number of attached 
cross-bridges per 1 um of thick filament 
was 9.17 + 4.35 (n=73). These results will 


be used to compare with those of contracting 
fibers and to eyaluate the possible cross- 
bridge movement during contraction. 
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EFFECT OF IONIC STRENGTH ON THE CONTRAC- 
TION IN GLYCERINATED GUINEA-PIG TAENIA 
COLI. 

M.Toride and H.Sugi. Dept. of Physiol., 
Sch. of Med., Teikyo Univ., Tokyo 


It has been reported that, in intact 
guinea-pig taenia coli, the contracture 
tension (with 145 mM-K) and the maximum 
shortening velocity (Vmax) are reduced in 
both hypertonic and hypotonic solution. 

To study the effect of hypertonic and 
hypotonic solutions in more detail, the 
tension development and Vmax were examined 
on glycerinated taenia coli smooth muscle 
preparations activated by Ca under various 
ionic strengths. The Ca-activated tension 
decreased in both high (0.25 M) and low 
(0.06 M) ionic strengths, while Vmax was 
found to decrease at low ionic strength 
and to increase at high ionic strength. 
The above results on the Ca-activated 
taenia coli smooth muscle are qualitative- 
ly different from those on Ca-activated 
skinned skeletal muscle fibers. 


PH 118 


ASYMMETRY IN THE TENSION RESPONSES OF 

THE FROG SINGLE SKELETAL MUSCLE FIBER TO 
CONSTANT-VELOCITY STRETCHES AND RELEASES. 
H. Iwamoto and H. Sugi. Dept. of Physiol., 
Sch. of Med., Teikyo Univ., Tokyo. 


The velocity-dependence of the activated 
Single skeletal muscle fiber of the frog 
to constant-velocity stretches has been 
reported to show at least three phases 
(Iwamoto and Sugi, 1984). The tension 
responses to releases and stretches were 
compared in the same fibers. The tension 
responses to stretches and releases of the 
Same amplitude showed similarity in the 
gross time courses but showed asymmetry in 
the rate of tension recovery during and 
after the length change i.e., the rate 
was higher for releases. The velocity- 
dependence curve of the tension response 
for releases was similar to that for 
stretches in that it showed three phases, 
but lay below the curve for stretches ex- 
cept for the portion of the second, plateau 
phase. These results suggest the presence 
Of some asymmetric elementary processes 
underlying the tension response. Sinusoidal 
analysis, made under the same conditions, 
explained the gross shape of the tension 
response and the velocity-dependence to 
some extent, but not the asymmetry in the 
tension response, unless the rate. constants 
of the three exponential terms (Kawai and 
Brandt, 1980) were assumed to be strongly 
dependent on the direction and amplitude 
of the length change. 
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THE EFFECT OF MYOSIN SULPHYDRIL MODIFICA- 
TION WITH P-PHENYLENEDIMALEIMIDE ON THE 
MECHANICAL RESPONSE OF GLYCERINATED RABBIT 
PSOAS MUSCLE FIBERS. II. 
*M.Shimada,**S.Chaen and **H,Sugi.*Central 
Lab. Analyt. Biochem. and **Dept. Physiol. 


Sch. Med., Teikyo Univ., Tokyo. 


In order to investigate the physiolo- 
gical role of the myosin two heads, we 
treated glycerinated rabbit psoas muscle 
fibers with p-phenylendimaleimide (p-PDM), 
which is known to react with the reactive 
sulphydryls on the myosin head to result 
in the loss of its ability to combine with 
F-actin and to hydrolyze ATP. The magni- 
tude of Ca-activated isometric tension of 
the modified muscle fibers (relative to 
the control value) was found to be propor- 
tional to the square of the ATPase acti- 
vity (also relative to the control value). 
It was also proportional to the square of 
the muscle fiber stiffness. The velocity 
of unloaded shortening (relative to the 
control value) decreased in parallel with 
the decrease in isometric tension. These 
relation suggest that (1) the crossbridge 
can exert force only when both heads are 
not modified with p-PDM, (2) the stiffness 
represents the total number of unmodified 
myosin heads, and (3) there is no coopera- 
tive interaction between heads of each 
myosin molecule in catalyzing ATP split- 
ting. 
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EFFECT OF SINUSOIDAL LENGTH CHANGES ON THE 
X-RAY DIFFRACTION PATTERN FROM TETANIZED 
FROG SKELETAL MUSCLE. 

H.Sugi, T.Kobayashi and H.Iwamoto. Dept. 
of Physiol., Sch. of Med., Teikyo Univ., 
Tokyo. 


To study the dynamic behaviour of the 
cross-bridges responsible for muscle con- 
traction, sinusoidal length changes (peak- 
to-peak amplitude, 1% of muscle length; 
frequency, 5-10 Hz) were applied to isome- 
trically tetanized frog skeletal muscle, 
and the resulting changes in the X-ray dif- 
fraction pattern were studied with a time 
resolution of 10 msec, using an extremely 
intense X-ray sources from synchrotron ra- 
diation. The equatorial 1,0 and 1,1 ref- 
lections changed their intensity nearly in 
phase and in antiphase with the length 
changes respectively. On the other hand, 
the meridional 143 intensity was found to 
change in a very characteristic way; it de- 
creased during both the release and stretch 
phases of the sinusoidal length changes, 
and exhibited a maximum at each boundary 
between the stretch and release phases. 
These results suggest the possibility that, 
during the applied length changes, one head 
of a myosin molecule moves to and fro 
around the other to produce the changes in 
the 143 A intensity observed. This possi- 
bility implies some kind of cooperation 
between the two heads of a myosin molecule 
in muscle force generation and shortening. 
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A NEW ENDOSYMBIONT FORMING INCLUSION BODY 
IN THE MACRONUCLEUS OF Paramecium caudatum, 
vie Skee actors Biol., Hosei Univ., 


Chiyoda-ku, Tokyo 102 


Ciliated protozoa contain various kinds 


of bacterial endosymbionts, some of which 
inhabit cytoplasm and others either macro- 
or micronucleus. I, however, recently 
found a new type of macronuclear endo- 
symbionts in Paramecium caudatum; which is 
different from bacteria and seen as spheres 
of numerous numbers and of various sizes. 
This new macronuclear inclusion, designated 
AFG body, are densely stained with fast- 
green FCF in 50% acetic acid. Chromatin- 
like granules were seen within each AFG 
body. The AFG body was proved to be an 
endosymbiont by microinjection of macro- 
nuclear fragments containing AFG body 
(Tsukii & Harumoto 1983). Crossbreeding 
analyses indicated that AFG body migrates 
among macronuclei via cytoplasm. Infection 
through cutural filtrate or homogenate of 
the cells containing AFG body were, however, 
unsuccessful. 

AFG body was isolated as_ follows. 


Macronuclei containing AFG body was obtained 


by lysing cells with 1% NP-40, 10% EtOH, 
0.25M Sucrose, 5mM MgCl j, 5SmM CaCl>, 10mM 
WieilSsaCl joi Wo Then the AFG body was 
isolated from the macronuclei by dissolving 
chromatin with 1% NP-40, 10% EtOH, 0.25M 
Sucrose, 2mM EDTA, Tris-Cl pH 9. SDS-PAGE 
of the isolated AFG body revealed that AFG 
body consists of at least 5 kinds of 
proteins. 
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TRICHOCYST NONDISCHARGE (TND) MUTANTS IN 
PARAMECIUM CAUDATUM.IV. POSSIBLE DEFECTIVE 
SITES OF THE MUTANTS. 

T. Watanabe and N. Haga. Biol. Inst., Fac. 
Sci., Tohoku Univ., Sendai. 


Two TND mutants of Paramecium caudatum, 
tndl and tnd2, have normal trichocysts in 
the cortex, although they fail to discharge 
when exposed to picric acid. If the mutant 
tnd2, which lacks the rosette, specific 
arrays of the membrane particles at attach- 
ment site, was treated with 33 JM ionophore 
A23187+ 15 mM CaCl39, trichocysts were dis- 
charged. Contrary to this, the mutant tndl, 
which have the resette, did not discharge 
trichocysts by the same treatment. When 
cells were exposed to tannic acid, no mem- 
brane fusion occured in both mutants tndl 
and tnd2. In the next experiment, ability 
to expand the matrix of trichocyst was 
tested. During isolation step, expansion of 
some trichocyst matrices occurred in both 
mutant in the solution of 10mM Tris- 100mM 
KCl1- 5mM EDTA- 1mM ATP (pH 7.0). Expansion 
of compact trichocysts isolated was induced 
by addition of CaCl y. These results suggest 
that in the mutant tnd2, Ca -influx may be 
inhibited, and in the mutant tndl, some 
process after Ca’ -influx is probably block- 
ed. The defect of tnd2 can be partly re- 
paired by introducing the cytoplasm of wild 
type cells by microinjection or conjugation 
, but the defect of the tndl is not re- 
paired. 
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MORPHOLOGICAL CHANGES IN EARLY STAGE OF 
INFECTION PROCESS OF ENDONUCLEAR SYMBIONT 
HOLOSPORA OBTUSA OF CILIATE PARAMECIUM 
CAUDATUM 

M. Fujishima and K. Nagahara. Biol. Inst., 
Fac. of Sci., Yamaguchi Univ., Yamaguchi 


The gram-negative bacterium H. obtusa is 
a macronucleus-specific symbiont of ciliate 
P. caudatum, which invades into the host 
cells via the food vacuoles, infects its 
macronucleus exclusively and grows in the 
nucleus. The bacterium can penetrate the 
host macronuclear membrane within 15 min 
after mixing with the cells. To know what 
kinds of differences between the macro- and 
the micronucleus, of common genetic origin, 
can be recognized and infected by the bac- 
terium, we are planning to establish in 
vitro infection system between the isolated 
bacteria and the isolated macronuclei. 

In the present work, we examined mor- 
phological changes of H. obtusa in early 
stage of the infection process and found 
that the bacterium reduced its buoyant 
density and dispersed its nucleoids just 
prior to the penetration of the macronucle- 
ar membrane. These results suggest, though 
do not prove, that the bacterium may ac- 
quire the ability to recognize and pene- 
trate the host macronuclear membrane after 
incorporation into the host cytoplasm. 
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LEAKY NATURE OF THE MAXIMAL CLONAL LIFE- 
SPAN IN PARAMECIUM TETRAURELIA. 

Y. Takagi and T. Nobuoka 

Dept. Biol., Nara Women's Univ., Nara. 


The maximal clonal lifespan (MCL) in 
Paramecium tetraurelia was first reported 
as 186 fissions in 1954 and then as 225 
in 1960 both by Sonneborn. Subsequent 
studies especially by Smith-Sonneborn and 
her co-workers have confirmed the proprie- 
ty of that limit, until she vsuceeededman 
extending the MCL to 258 by an artificial 
means. However, we succeeded in maintain- 
ing one of 83 lines developed from 7 sis- 
ter ex-conjugant clones for 330 fissions; 
the others ranging from 109 to 264. In any 
of the 83 lines, there was no evidence of 
autogamy, which was checked with heterozy- 
gous markers of 2 loci being 0.5 centi— 
Morgans apart. Selection, which is effec- 
tive to extend MCL, was found not suffici- 
ent to explain the occurrence of the line 
with far different lifespan. Although it 
is evident that MCL is under genetic con- 
trol, the controlling mechanism should be 
loose enough to allow some clones to esca- 
pe the general limit but tight enough not 
to allow them to divide indefinitely. The 
leaky nature of MCL was never lost even 
after the MCL was heavily reduced by muta- 
tion: a line with far longer lifespan was 
seen also in the recently isolated mutant 
d4-SL4, which has a short lifespan of 
about 1/10 ( ca. 20 fissions, )) of the wad 
strain. 
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TRANSFORMATION OF DOUBLETS THROUGH CELL 


DIVISIONS IN PARAMECIUM 
Mesato . Biol. Inst., Fac. of Sci.,Tohoku 
Univ., Sendai . 


A doublet (homopolar twin cell) of 
Paramecium bursaria reproduces two daugh- 
ter doublets through cell divisions for a 
certain period. In this period, the cor- 
tical pattern is true to reproduce like 
in the case of singlets. 

But sooner or later, doublets produced 
daughter cells with different form and 
eventually singlet. At first "top-heavy" 
doublets appeared. Then the notch ap- 
peared at the anterior tip and deepened 
in the anterior daughter cell. In this 
process, cell shape and cortical pattern 
are altered through cell divisions. 

To know how cells alter their form in 
the process, two kinds of angles were 
measured after setting co-ordinates on 
the cortex of doyblets; one is,the angle 
between vector BA and vector DC, and the 
other is the absolute value of, [9Q-(the 
angle between vector product DBXDA and 
vector DC)]. (A,B and C,D denote con- 
tractile vacuole pore's sets.) 

The relative position of two long axes 
appeared to be altered (opened and slightly 
rotated at their anterior tips) in the 
process. 
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CLONES PRODUCED FROM ADENINE-TREATED CELLS 
OF PARAMECIUM MULTIMICRONUCLEATUM. 
S.Mishima Biol. Lab., Coll. Gen. Educ., 
Ibaraki Univ., Mito. 


It has been reported that Paramecium 
multimicronucleatum cells produce abnormal 
L- or A-shaped cells when cultivated in 


the presence of 3 mM adenine. Furthermore, 


these abnormal cells are unable to form 
food vacuoles in the presence of bacteria. 
When these abnormal cells were transferred 
individually to the culture medium which 
contained bacteria, 70% of these cells did 
not change morphologically for a few days. 
The remaining 30% of the cells, neverthe- 
less, recovered the ability to form food 
vacuoles within 1-2 days. The abnormal 
cell which formed food vacuoles either 
became an amorphous monster without cell 
division or divided into a normal cell and 
a remaining abnormal cell. When the nor- 
mal cells which were divided from the ab- 
normal cells were cultivated, almost all 
of the cells divided normally. These nor- 
mal cell clones, however, did not always 
produce normal cells; 30% of the clones 
contained 1-2 abnormal cells after 2-8 
divisions. This fact demonstrates that 
the abnormality of the adenine-treated 
cells remains even after the removal of 
adenine. This abnormality may have ex- 
tended in the following cell division pro- 
cesses and, hence, abnormal cells appear 
after 2-8 divisions. 
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A COMPARATIVE STUDY OF THE ULTRASTRUCTURE DURTNG 
CONJUGATION IN PARAMECIUM AURELIA 

Y. Yashima, Dept. Biol. , Sch. of Lib. Arts and 
Sci. . Iwate Med. Univ. , Morioka, 


It has been demonstrated that electron dense 
materials CEOM) and cytoplasmic pores (CP) are 
oresent in the contact area between two conjugants 
during conjugation. Three kinas of crosses of 
conjugating pairs were used : 1)stock 51, 2)stock 
32, and 3)stock 540 and 513. Time dependent changes 
in the paroral regions were compared among the 
three groups by electronmicroscopy. The conjugating 
pairs of stock 540 and 513 were separable by 
trypsinizaion, Control pairs were separated at 5.5-6.0 
nrs after mixing, Few structual differences in the 
contact regions of the three kinds of conjugation 
OPalrsS were observed and these structural 
differences were neither related to differences in 
the genes (Ds and ds) nor to trypsinization. For 
all conjugations, the pellicle patterns were 
matched. EOM and CP were observed in the contact 
regions of the three kinds of conjugating pairs at 
3 hrs after mixing, Nuclear exchange was observed 
in tne paroral region, It appeared that at 4, 5 hrs 
after mixing, the EDOM and basal granules were 
Cisplaced in the same direction as the migrating 
nuclei, The results suggest that the EDM functions 
as a Connecting substance between two adjacent 
piasma membrane residues. In addition, the EDM is 
newly formed as CP are formed, but is not composed 
of dissolved material of the plasma membrane, 
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DNA CONTENT OF DEVELOPING MACRONUCLEUS IN 
PARAMECIUM, 

K.Mikami, Res.Inst.for Sci.Educ., Miyagi 
Univ.of Educ., Sendai. 


Vegetative cell of Paramecium caudatum 
has a macronucleus and a micronucleus. 
The mac. contains about 40 times (80C) of 
DNA content as much as the mic.(2C) at G1 


phase. After conjugation, new mac. 
(anlagen) develop from postzygotic nuclei 
derived from mic. DNA content of the 


anlagen relative to mic. was measured by 
microspectrophotometry at various stages 
Guring 48hrs. At the critical stage of 
nuclear differentiation (Ohr), nuclei had 
the same amount(2C) as vegetative-G1 mic. 
DNA started to increase in amount after 
the heterochromatic aggregates specific 
to early anlagen disappeared (about 
15hrs). About 20-28hrs after mac. 
differentiation, increase of DNA amount 
reached at the first stationary phase in 
most cells and the amount was not twice 
as much as 2C but at about 1.7 times 


(about 3.4C). The lower value indicates 
either under-replication or elimination 
of a part of micronuclear genome. The 
results suggest that in total 4 


discontinuous rounds of DNA_ synthesis 
occurred during 48hrs and the DNA content 
increased by 1.9 times at each of the 


2nd-4th rounds of DNA_ synthesis. DNA 
content can reach at 80C when 6 rounds of 
DNA synthesis occur during the 


development of mac. 
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THE CYTOPLASMIC FACTOR THAT FIXES EVEN 
MATING-TYPE IN PARAMECIUM TETRAURELIA 
S.Kobayashi and S.Koizumi. Dept. of Biol., 
Miyagi Coll. of Educ., Sendai. 

E(even) mating-type of P.tetraurelia, in 
so far as is known, is determined by the 
cytoplasmic factor created by action of E 
cells of macronuclei. As to the character- 
ization of the active E factor, attempts 
were made by transplanting E cells of cyto- 
plasm into O cells. Donors and recipients 
were cells of stock d4-186. When cytoplasm 
from E cells during the first 1 h after 
separation of conjugants were injected into 
© cells of conjugants during the last 1 h 
of conjugation, about 15% of the type O 
recipients produced clones of type E. Con- 
trols produced 6% type E clones. To ascer- 
tain the sensitive period of O cells to be 
operated by the active E factor, cytoplasm 
from E autogamous cells just before the 
appearance of macronuclear anlage were 
transplanted into O cells in the process of 
conjugation: When recipients of O cells 
were conjugants during the last 2 h of 
conjugation, about 20% of type O clones 
shifted to E. Controls produced 2% type E 
clones. Although E cells of cytoplasm gave 
no greater frequency of change of O mating- 
type toward E, these results indicate that 
the E cytoplasmic factor becomes evidently 
active and acts to shift O cells toward E 
during the period of macronuclear differ- 
entiation, just before the sensitive period 
of macronuclear origin from a product of 
the synkaryon. 
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ANALYSIS OF NUCLEAR BEHAVIOR AFTER MEIOSIS 
IN PARAMECIUM CAUDATUM. 

Ap vVanagiy, bi oOlemeinisteei) ra. piOr eo Clin, 
Tohoku Univ., Sendai. 


Four haploid nuclei (meiotic products) 
are produced through meiosis in Paramecium 
caudatum. Only one of them reaches paroral 
region, which is the region around the 
cytostome, and survives but the remaining 
three degenerate outside the paroral re- 
gion. However, it is not certain whether 
four meiotic products are predetermined on 
survival or degeneration. At the stage 
when one of the meiotic products lies 
within the paroral region (PR stage) I 
removed the prospective surviving nucleus 
by micromanipulation. As a result, one of 
prospective degenerating nuclei reached 
the paroral region and survived in 5 cells 
out of 6 observed. This result indicates 
that at least one of the prospective de- 
generating nuclei has an ability of migra- 
tion to the paroral region and survives. 
This suggests that the fate of meiotic 
products is not determined at the PR stage 
as to the migration and survival but any 
of four meiotic products may migrate into 
the paroral region. The nucleus which 
enters the paroral region at the earliest 
stage can survive. 


(ls) LIL 


MICROSURGICAL ELIMINATION OF MICRONUCLET 
IN MULTINUCLEATED CILIATE, PSEUDOUROSTYLA, 
T. Takahashi, Zool. iInst., Fac. Sci., 
Hiroshima Univ., Hiroshima. 


Elimination of micronuclei of Pseu- 
dourostyla by micropipetting or laser ir- 
radiation is very difficult because this 
ciliate usually has 6-15 micro- and 30-60 
macronuclei. This report presents a simple 
method for the elimination of micronuclei 
in this ciliate and some preliminary ob- 
servations on the amicronucleates (ami) 
obtained. Several cells from stationary 
culture were anesthetized by treatment of 
8 wg/ml NiClz for about 15 min, and then 
were transferred into a small drop of 1% 
methylcellulose solution. Each of these 
cells was transected into 4-6 fragments by 
fine glass needle. Second operation was 
performed just after the fragments com- 
pleted regeneration. Such operations were 
repeated several times. Then, twenty one 
ami lines could be established from many 
thousands of the regenerated cells. Body 
size of ami was very variable. Moreover, 
they had morphologically abnormal oral 
apparatus. Ami cell might be able to 
undergo cell division only after the de- 
fective mouth part was repaired by repeti- 
tive reorganization. When ami cell was 
transplanted a micronucleus from micronu- 
cleate by micropipetting, it transformed 
into normal micronucleate. Therefore, 
germ nuclei of this ciliate may play an 
important role for stomatogenesis at least 
in vegetative growth. 


C3 


CORRELATIONS BETWEEN NUCLEAR BEHAVIOR AND 
PROTEIN SYNTHESIS DURING CONJUGATION OF 
STYLONYCHIA PUSTULATA (CILIOPHORA). 

UM Zelalo gu ACONA Iineesp WAC. OF Si. ; 
Hiroshima Univ., Hiroshima. 


The present purpose is to know the 
correlations between nuclear behavior and 
protein synthesis during conjugation of S. 

ustulata. The conjugating pairs were 
continuously treated with 1 wg/ml cyclohe- 
ximide (CHX) in the different stages of 
conjugation. The progression of nuclear 
events was blocked by CHX at meiotic pro- 
phase, meiosis II, postmeiotic division, 
pronuclear differentiation, second post- 
zygotic division and macronuclear develop- 
ment, according to the beginning time of 
treatment. The conjugating pairs were 
labeled with 100 wCi/ml 3H-leucine for two 
hours and processed for autoradiography. 
Silver grains were distributed in the 
cytoplasm and the old macronuclei of con- 
jugants throughout conjugation. While, 
grains specifically accumulated on the 
nucleus participating into each Vor mene 
events mentioned above, except for meiosis 
II. This incorporation was prevented by 
CHX. These pesults suggest that eheupaes 
gression of nuclear events through each of 
the stages, meiotic prophase, postmeiotic 
division, pronuclear differentiation, sec- 
ond postzygotic division and macronuclear 
development requires some proteins which 
are newly synthesized and accumulated in 
the nuclei before or during the respective 
stage. 
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EFFECTS OF CELL FREE FLUID ON ENCYSTMENT 
IN EUPLOTES ENCYSTICUS (CILIOPHORA). 

F. Yonezawa. Zool. Inst., Fac. of Sci., 
Hiroshima Univ., Hiroshima. 


Encystment of this ciliate can be easi- 
ly induced by hanging drop method (Yoneza- 
wa, 1985). 90% or more of G1 phase cells 
encysted within 3 h in cell free fluid 
(CFF), while they encysted at less than 
20% in Pringsheim solution or lettuce 
infusion. To know whether the efficiency 
for encystment induction was enhanced by 
the concentration of CFF, encystment rates 
and the duration of early process of en- 
cystment in CFF and CFF concentrated 200- 
fold (cCFF) were examined. Moreover, sub- 
stances included in CFF were partially 
characterized. All of G1 phase cells 
transformed into cysts within 50 min in 
cCFF, whereas encystment occurred at 96% 
wirain 3 h in CFF. In cCFF, the period 
prior to the morphological change for 
encystment was remarkably shortened. The 
time required for the changes for 
encystment was not different between CFF 
and cCFF. If CFF was stored at room tem- 
perature, the activity of substances 
unaltered at least for 6 months. Activity 
of substances decreased by heating at 80°C 
(10 min). When cCFF was dialyzed against 
redistilled water, inducing activity of 
SGFF was not lost. Efficiency of sub- 
stances seems to be markedly enhanced by 
the concentration of CFF and substances 
appear to be unstable to heat. 
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DIFFERENTIATION OF MACRO- AND MICRONUCLEI 
IN THE EXCONJUGANT OF EUPLOTES PATELLA 
(CILIOPHORA). 

K.Sato Zool. Inst., Fac. of Sci., 
Hiroshima Univ., Hiroshima. 


The mechanism of macro- and micronu- 
clear differentiation was investigated by 
microsurgery in the exconjugant of E. 
Patella. Synkaryon (fertilization nucle- 
us) underwent two sequential divisions in 
parallel to longitudinal axis of the cell, 
so that four nuclei formed a file 
(N1,2,3,4 from anterior). Of the four 
nuclei after the second division, N1 and 3 
were daughter nuclei of the anterior nu- 
cleus (a-Nu) derived from the first divi- 
Sion of synkaryon, while N2 and 4 were 
derived from the posterior nucleus (p-Nu). 
N3 developed into a macronuclear anlage 
(MA), and N4 into a micronucleus (MI). If 
a-Nu was removed, MA did not develop in 36 
of the 38 operated cells. If p-Nu was 
removed, MA developed in all of the 36 
cells. If a-Nu was removed and then the 
p-Nu was moved in the almost same position 
that the a-Nu lay, Ma did not develop in 
10 of the 11 cells. If a-Nu was moved in 
P-Nu position, Ma developed in all of the 
24 cells. In most cases, one of daughter 
nuclei of the moved a-Nu and p-Nu devel- 
oped into MA and MI, respectively. From 
these results, the nuclear differentiation 
seems to occur during and soon after the 
first postzygotic division of synkaryon. 
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RECOVERY OF REVERSED PATTERNS IN HOMOPOLAR 
DOUBLETS OF GLAUCOMA SCINTILLANS (CILIO- 
PHORA, HYMENOSTOMATIDA). 

Mey asunalitiws ZOO einst.., »faG..cOrL Si... 
Hiroshima Univ., Hiroshima. 


Inversion of the inverted oral axis 
was examined in homopolar doublets derived 
from reversed cells of Glaucoma scinti- 
llans with an inverted oral apparatus 
(IOA; Suhama, 1985). These doublets were 
obtained by blocking the separation of the 
body in cell division with colchicine or 
formalin. All doublets possessed one IOA 
and one normal OA (NOA). They were divided 
into two types; on the side where two OAs 
approached each other, IOA was located 
right to the NOA and vice versa. In 
culture of the former, cells which lost 
only IOA were commonly found, whereas in 
the latter a small number of cells with 
only IOA arose frequently. Scince normal 
or reversed singlets were obtained from 
offspring of doublets, cells with one OA 
might be precusors for singlets. As one of 
two OAs have already returned to normal in 
the first cell division after exposure, it 
seems that the cell can not tolerate the 
apposition of two inverted oral axes in 
one cells. 
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MECHANISM OF CONTRACTION AND RELAXATION IN 
A CILIATE SPIROSTOMUM AMBUGUUM 

H.Ishida and Y.Shigenaka. Faculty of 
Integrated Arts and Sciences, Hiroshima 
University, Hiroshima. 


A heterotrichous ciliate, Spirostomum 
ambiguum is characterized by twisting 
contraction evoked by giving various stim- 
uli. The mechanism of such contraction 
depends mainly upon two types of fibrillar 
systems, myoneme and km fiber. The myoneme 
is consisted of fine fibrils (4nm ¢g), but 
the km fiber corresponds to the longitudi- 
nal microtubular sheet which is running 
from the posterior and barren one of every 
basal body pair. Both myoneme and km fiber 
are linked by a rootlet-like fiber origi- 
nated from the posterior basal body. The 
myOneme generates the motive force for 
cell contraction, resulting in the twist- 
ing motion in cooperation with km fiber 
and bambooleaf-like sheet which is attach- 
ed to the anterior basal body. On the oth- 
er hand, the cell extension might be gen- 
erated by sliding of each microtubular 
sheet of km fiber. The additional fibril- 
lar structure, fiber sheet, may be origi- 
nated from the posterior basal body and 
considered to regulate the cyclic change 
of twisting contraction and cell elonga- 
tion. 
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CONTINUITY OF ENDOPLASMIC RETICULAR SYSTEM 
IN HELIOZOAN CELLS. : 
J. Maesako!, K. Kataokal and Y. Shigenakaé. 
Dept. Anat., Haroshima Univ.) Coll: )Meda- 
cine, and 2Fac. Integr. Arts § Sci., Hiro- 
shima Univ., Hiroshima. 


Electron microscopy of whole-mounted and 
negatively-stained cells of Heliozoa re- 
vealed that the endoplasmic reticular sys- 
tem (ERS) is highly organized in axopodia 
and spherical cell body. The ectoderm is 
featured by many big vacuoles encircling 
continuously just beneath the cell surface. 
ibpe INS EwOjaroystlwils El teygosCeul INS CZ De ree 
ognized toldeveliope Uhaite as tomsayen che 
endoplasmic reticula (ER) are composed of 
Many continuous rows of ovoidal and ellip- 
Souda vesicles. NUGeisaige sdalsserabuited 
separately just inside the periphery of 
endoplasm. However, the ERS appears to 
surround the food vacuole located at the 
center of endoplasm, extending to connect 
mitochondria, pinocytotic vesicles and oth- 
er cellular components by forming a compli- 
cated network. This suggests that the ac- 
tive uptake and transport of digested sub- 
stances might occur with the help of ER 
network. 
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CORTEX SHEDDING AND SUBSEQUENT RECOVERY 
PROCESS OF HELIOZOAN CELLS. 

Y. Shigenaka, M. Tsuzuki and M. Tanaka. 
Fac. Integr. Arts & Sci., Hiroshima Univ., 
Hiroshima. 


Heliozoan cells were found to be induced 
to shed their cortices reversively by giv- 
ing a rapid change of environmental factors 
such as application of electrical stimuli 
(10-30 V), ruthenium red (0.1-0.5 mM), Con 
A (0.1-0.5 mg/ml), sucrose (100-200 mM), 
sea water (50%), and various monovalent and 
divalent cations. In the present study, 
ruthenium red (RR) was applied to the cells 
to induce the cortex shedding and to see 
the recovery process from the influence of 
RR with special reference to the reformat- 
ion mechanism of axonemal microtubules of 
newborn heliozoans. As the results, the 
shedding phenomena started from the trans- 
verse connection of ectoplasmic vacuoles to 
form the new cell surface enclosing the 
endoplasm directly. The recovery process 
was featured by reformation and rearrange- 
ment of ectoplasmic vacuoles and reassembly 
of axonemal microtubules by being enclosed 
by lots of polysomes, resulting in the re- 
extension of axopodia due to the elongation 
of microtubules themselves. 


C5) III 


STUDY OF ELEMENTAL COMPONENT OF THE SCALE 
IN AN AMOEBA (TESTACEA), COCHLIOPODIUM 
SP., BY ELECTRON MICROPROBE ANALYSIS. 


Hie Yamaoka and V. Mizuhira. Biol. Inst. 
Fac. of Sei.,Univ. of Yamaguchi, 
Yamaguchi. Dep. of Cell Biol., Med. Res. 


Inst., Tokyo Med. and Dent. Univ., Tokyo. 
Elemental component of the scale in an 
amoeba, Cochliopodium sp. was examined by 
electron microprobe analysis, including 
X-ray microanalysis(EDX) with a computer. 
In EDX analysis, the fine precipitates of 
potassium antimonate in the scale defined 
Ca with antimonate. Calcium were also 
clearly detected from freeze-substituted 
thin section. Although Bark (1973) 
suggested that mineral component of the 


scale was calcium and magnesium 
carbonate, it was on certain indirect 
evidence. We detected no magnesium or 


slightly detected. Yamaoka et al. (1984) 
showed that the scale is formed into 
vacuole which is formed to fuse with some 
Golgi vesicles. Similar deposits of Ca- 
antimonate were detected the scale in the 
vacuole, in Golgi cisterna and Golgi 
vesicles. Another elements contained 
slightly. It suggests that one of the 
mineral component of the scale is calcium 
and that it is added in the Golgi complex 
during scale formation. 
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14-NM FILAMENT PROTEIN DURING CONJUGATION 
IN TETRAHYMENA. I. RELATION TO THE 
MORPHOLOGICAL CHANGES IN ORAL APPARATUS. 
M. Tsunemoto!, O. Numata! and Y.Watanabe?. 
IDept. of Biol., Joetsu Univ. of Educa- 
tion, Joetsu and 2Inst. of Biol. S@iop 
Univ. of Tsukuba, Niihari-gun. 

Involvement of 14-nm filament protein 
(49K) in the completion of oral morphoge- 
nesis has been demonstrated in Tetra- 
hymena. Here, we investigated the immuno- 
fluorescence localization of 49K and food 
uptake activity during conjugation with a 
special reference to the oral function. 
The result showed that oral fluorescence 
and food uptake activity sharply disap- 
peared in a mirror image fashion on the 
increase of pair formation. Thus, we 
have examined the oral regressive morpho- 
logical changes during conjugation by SEM, 
and observed the drastic changes. After 
pair formation, basal bodies of membra- 
nelles 1 and 2 begin to disappear partial- 
ly from the left ends of each first row, 
after which oral rib begins to regress. 
Next, a part of membranelle 3 disappears 
and buccal cavity becomes flat, followed 
by the disappearance of undulating mem- 
brane. In the maximum regression stage, 
only 10 to 20 basal bodies remain on the 
small flat oral area. At the vicinity of 
pair separation stage, the regressed oral 
apparatus recommences its morphogenesis in 
the fashion similar to the process ob- 
served in normal binary fission. 
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14-NM FILAMENT PROTEIN DURING CONJUGATION 
IN TETRAHYMENA. II. RELATION TO MICRO- 
TUBULES. 

O.Numata', M.Tsunemoto!, T.Yasuda2 and Y. 
Watanabe’. Dept. of Biol., Joetsu Univ. 
of Education, Joetsu, 2Lab. of Tech., 

Natl. Inst. of Health of Japan, Tokyo and 3 
foceot Biol. Sci., Univ. of Tsukuba, 
Niihari-gun. 

14-nm filament protein (49K protein) 
has been shown to be involved in some 
nuclear events of fertilization during 
conjugation. 

To examine the relationship between 
fibrous structures composed of 49K protein 
and microtubules, we investigated the 
localization of tubulin in Tetrahymena 
cells at various stages of conjugation by 
immunofluorescence and electron 
microscopy. The results show that tubulin 
is localized in the crescent of meiotic 
prophase, the spindles of pre- and 
post-zygotic divisions and the peripheries 
of pronuclei during fertilization. 
Importantly, we have also observed that 
tubulin coexisted with the 49K protein. 

In addition, antitubulin drug, benomyl 
modified the distribution of the 49K 
protein at some stages of conjugation. 
Thus, we conclude that Tetrahymena 49K 
protein may have crucial roles in 
fertilization associated with some 
microtubules having specialized functions. 
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NUCLEAR BEHAVIOR AND POSITIONING IN TETRA- 
HYMENA THERMOPHILA DURING CONJUGATION. 

I. METHODS AND NEW RESULTS. 

T.Sugai, M.Watahiki, A.Tanomi and H.Onaya. 
Dept. cf Biol., Ibaraki Univ, Mito. 


Tetrahymena cell has a macro- and a 
micronuceus. It has been known that the 
micronuclear behavior and positioning are 
important for nuclear differenciation 
during conjugation. But observation of the 
nucleus has been made on smear preparate 
in which the location of nucleus might be 
changed. We investigated the nuclear 
change using two new methods. (1) Direct 
observation of the nucleus by Nomarsky 
contrast in living cell, especially on 
Single pair on soft agar. (2) Three dimen- 
tional observation of the nucleus in fixed 
cell which is embedded in agar. 

We not only confirmed the known nuclear 
behavior but also found the followings; 
positioning of micronucleus at meiotic 
prophase I and second postzygotic division, 
even macronucleus position stage specifi- 
cally, all stages except nuclear exchange 
could be followed in living cell. Those 
results prove that Tetrahymena is suitable 
material for study of nuclear behavior and 
positioning. 
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TETRAHYMENA WHICH INGESTHD CHAIN BACTERIA. 
Y.Harada and S.Mishima Dept. of Biophys. 
Engn., Fac. of Engn. Sci., Osaka Univ., 
Toyonaka and “Biol. Lab., Coll. Gen. Educ., 
Ibaraki Univ., Mito. 


We found that chain bacteria Bacillus 
(length 10-50yum) added to the culture of 
Tetrahymena pyriformis W were ingested into 
food vacuoles. Although normal food vacu- 
oles are always spherical, food vacuoles 
which ingested one or several chains of 
bacteria assumed rod-like shape. After in- 
gestion, the shape of vacuole usually did 
not change until eggestion, though occa- 
sionally the vacuoles became spherical as 
in the case of Paramecium. 

During cell division food vacuoles often 
laid across the cleavage furrow. After cell 
division the vacuoles were found partially 
inside and partially outside of only one of 
the daughter cells, crossing its surface. 

When a long bacteria chain was ingested, 
at first it penetrated the nascent food 
vacuole, then proceeded into the cytoplasm. 
If the tip of the chain reaced the inter- 
nal side of the cell membrane before its 
tail entered into the nascent food vacuole, 
the whole chain was immediately rejected. 


Therefore, Tetrahymena may have a system of 
rejection of a long bacteria chain. 
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ULTRASTRUCTURE OF INTERCELLULAR MATERIALS 
IN ASCIDIAN SMOOTH MUSCLE. 
K.Terakado. Dept. of Regul. Biol., Fac. of 
SCi.ny Saitama Univ... Urawa s 


Using the smooth muscle of the ascidian, 
Halocynthia roretzi, structures of inter- 
cellular materials which may be involved in 
the process of transmission of force were 
examined with an electron microscope. Small 
pieces excised from outer and inner layers 
of the body-wall muscle were fixed in buff- 
ered glutaraldehyde and/or osmium tetroxide 
as usual. The muscle was consisted from nu- 
merous muscle bundles, each of which con- 
tained several muscle fibers. The outer 
surface of each bundle was entirely covered 
with a basal lamina. The adjacent muscle 
cells within the bundle were separated only 
by a distance of 15-20 nm and no basal lam- 
ina was formed there. Numerous smooth fila- 
ments thinner (12-14 nm) than vertebrate 
collagen fibrils surrounded the bundles 
and attached to every parts of the basal 
lamina covering the bundles of muscle fi- 
bers. At contraction, the bundles shortened 
forming many ring-like grooves (and blebs) 
on the surface of the bundles. At the same 
time, the smooth filaments were drawn into 
the grooves, thereby the force generated 
may be transmitted to other bundles of mus- 
cle fibers. These results indicate that, in 
the ascidian smooth muscle, the bundle of 
muscle fibers constitutes a structural and 
functional unit corresponding to a muscle 
fiber of vertebrate smooth muscle. 
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THE LAMPBRUSH CHROMOSOMES OF THREE KINDS OF 
ALLOTETRAPLOIDS BETWEEN RANA BREVIPODA AND 
RANA NIGROMACULATA. 

H.Ohtani. Lab. for Amphibian Biol., Fac. 
of Sci., Hiroshima Univ., Hiroshima. 


Lampbrush chromosomes of three kinds of 
allotetraploids between Rana brevipoda (BB) and 
Rana nigromaculata (NN) were examined in order 
to clarify the behavior of meiotic chromosomes 
in female allotetraploids. Amphidiploids (BBNN) 
used in the present study were offspring of 
BBNN raised fromrefrigerated diploid eggs of 
hybrids between the two species. Two other 
kinds of allotetraploids, BBBN and NNNB, were 
obtained from eggs of the two species by re- 
frigeration after fertilized with sperm of male 
BBNN. Of 76 oocytes obtained fromeight female 
BBNN, 31 contained 26 bivalents, each of which 
consisted of the chramosames of the two species. 
In the other 45 oocytes, one to three quad- 
rivalents were included besides bivalents. 
Of 55 quadrivalents in total, 41 were found 
in quadruplet No.12. Two allotetraploids were 
almost amphidiploids except that quadruplet 
No.12 consisted of one brev. and three nigr. 
chromosomes. Ina total of 42 oocytes obtained 
from four BBBN and five NNNB, one toll quadri- 
valents were found. Quadrivalents were formed 
in 284(52.0«) of 546 quadruplets of the above 
allotetraploids. Atrivalent andaunivalent, 
two bivalents, and a bivalent and two uni- 
valents were found in 89(16.3%), 135(24.7) and 
38(7.0%) quadruplets, respectively. In two 
BBBN, quadruplet No.12 consisted of two brev. 
and two nigr. chromosomes, while it consisted 
of four nigr. chromosomes in a NNNB. 
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ANALYSES OF KARYOTYPES AND C-BAND PATTERNS 
OF SIX SPECIES OF JAPANESE LAND SNAILS 
(HALICOIDEA). 

Ie AeNeewel<al Eicl Wo Kaleaclag Deoe. Oi Wil@lo, 
Shimane Med. Univ., Izumo. 


The karyotypes of six species of 
Japanese land snails belonging to 
Helicoidea were analyzed for the first 
time by the air-drying method, using 
embryonic cells. A widely-distributed 
species, Acusta despecta sieboldiana has 
2n=58 chromosomes, consisting of all meta- 
or submetacentric chromosomes, but only 
one pair of subtelocentric elements. 
Satsuma omphalodes and S. Japonica have 
also 58 chromosomes but the karyotypes 
among these three species were revealed to 
have obvious differences by both 
conventional Giemsa and differential 
stainings. Three Euhadra species, dixoni, 
amaliae and subnimbosa, are found in 
different localities and are 
geographically isolated from each other. 
Karyotypes of these three species (2n=56) 
were superficially the same as examined by 
the conventional Giemsa stain. However, it 
was proved by the C-banding method that 
the distribution of constitutive hetero- 
chromatin in the chromosomes was not 
identical. 
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PHAGOCYTOSIS BY THE CELLS FROM CIRCULATING 
HEMOLYMPH OF LAND SLUG, INCILARIA 
FRUHSTORFERI(COLLINGE) 
K. Yamaguchi!l, E. Furuta and A. Shimozawa? 
‘Lab. of Med. Sci. and2Dept. of Anat., 
Dokkyo Univ. Sch. of Med., Tochigi. 
Four morphologically distinct hemolymph 
cell types, Type I, II, III, and IV, were 
found in the hemolymph of the land slug in 
1984 by Yamaguchi et al.. Phagocytosis ex- 
periments were carried out to elucidate the 
function of the each hemolymph cell. For- 
reign particles (formalized SRBC, latex 
beads and carbon particles) were injected 
into the land slug or placed in the plas- 
tic dishes to observe the function of the 
cells in vitro. Type I and I ‘cells )phage— 
cytized foreign particles by extending 
pseudopodia which engulfed the foreign par- 
ticles or by forming invaginations of the 
cell membrane. Both processes resulted in 
the particles becoming enclosed in phago- 
somes and digested in the, lysosomal system. 
There was no difference between Type I and 
II cells by the TEM observation. Thus, 
these cells were not divided into two cell 
types. Type III cell, lymphocyte-like, did 
not function as a phagocyte. Type IV cell, 
fibroblast-like, phagocytized carbon par- 
ticles by forming invaginations of the cell 
membrane. In addition, there were small 
plate-like structures which lacked nucleus, 
Their possible role of adhering foreign 
particles to their fibers was suggested by 
SEM. 
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ULTRASTRUCTURAL OBSERVATIONS ON THE ADDUC- 
TOR OF A LAMP SHELL, Lingula unguis. 

A. Matsuno and H. Kuga. Dept. of Biol., 
Fac. of Sci., Shamane Univ., Matsue. 


a 


Lingula belongs to Brachiopoda, and has 
an external shell of two valves which are 
dorsal and ventral. It has two adductors, a 
set of anterior and a posterior. These ad- 
ductors may show the catch contraction, as 
Terebralia belonging to the same phylum 
shows the catch contraction ( Wilkens, '78 ). 
We examined these adductors electron-micro- 
scopically, and found four types of smooth 
muscle cells in them. They were distin- 
guished by the size of a cell and the dia- 
meter of a thick myofilament. The cells 
show similar intracellular structures 
except the two markers above mentioned. A 
type; the cell is the smallest in size and 
has thick myofilaments measuring 52.0 nm in 
diameter. the cell is a few in number. B 
type; the cell is small in size and has 
thick myofilaments of 54.6 nm. it is the 
fewest im the fours 1© type, thevceisiiaus 
large in size and has thick myofilaments of 
65.4 nm. number of the cell is the most in 
the four. D type; the cell is the largest 
in size and has thick myofilaments of 65.5 
nm. the cells are numerous. Thick myofila- 
ments in the four types of cells bear a 
regular periodic pattern originating from 
a paramyosin core. The anterior adductor 
always bears A and C types of the cells, 
and the posterior one is composed of B and 
D types. 
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IN VITRO CHARACTERISTICS OF CELLS 

DERIVED FROM GYNOGENETIC HAPLOID AND 
GYNOGENETIC DIPLOID MEDAKA EMBRYO. 

K. Naruse, J. Komura and A. Shima. 
wemkeinst., Fac. of Sci., Univ. of Tokyo, 
Tokyo. 

In order to elucidate the mechanism of 
so-called haploid death of medaka embryos, 
cells from gynogenetic haploid embryo 
(stage 27) and gynogenetic diploid one 
were cultivated in vitro. Cell growth 
was examined by DAPI-DNA microfluorometry 
simultaneously combined with tritiated 
thymidine autoradiography. 

In cells from haploid embryo, the 
population of cells with diploid DNA value 
increased and those of haploid DNA value 
decreased with increasing in vitro 
cultivation time. Cells with diploid DNA 
value were found to progress the diploid 
cell cycle. On the other hand, in cells 
from gynogenetic diploid embryo this 
phenomenon was not observed. Therefore it 
is likely that this phenomenon was caused 
by haploidy itself and not by gynogenetic 
procedure. 

The present result suggests that the 
haploid cells were unstable in vitro 
and are prone to decrease in their 
proportion. Two possibilities can be 
proposed to explain this result. One is 
diploidization of originally haploid cells 
during in vitro culture, the other 
being selection and propagation of diploid 
population spontaneously diploidized in 
Vivo prior to in vitro culture. 
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MICROCELL-MEDIATED TRANSFER OF FISH DNA 
REPAIR GEWE(S) INTO HUHAN CELLS. is 
ESTABLISHHENT OF THE TRANSFER CONDITIONS. 
Reisa tdid A.Shina. Zool. Inst., Fac. of 
Sot ewe ty. OL LTOkyo, Tokyo: 


Attempts were made to develop the 
method for microcell-mediated transfer of 
fish DNA repair gene(s) into human cells. 
The fish cell line(RSCF-1), which is pro- 
ficient in photoreactivation of syrinidine 
dimers but dericient in excision repair, 
Was used as a donor and XP20S-SV40 cells 
deficient in the both reoairs were used as 
a recipient. The use of niyher concent- 
ration of Colcemid(20ug/ml) than usual was 
necessary for micronucleation of tiie fish 
cells. The mode of DNA content of the 
purified microcells was about 2.5% of that 
of intact cells at G1. Microcells were 
fused with “xP cells by treatinent with 45% 
of P.2.G.(#6000) plus 10% of DiiSO; about 
5h after fusion microcells were found to 
enter the nucleus of tne recipient cells. 
Hybrids were selected by irradiation with 
UV followed by the exposure to PR light. 
Several clones more resistant to UV than 
non-iused cells could De obtained, but UV- 
resistance of the clones was not stable. 
As a clue to examine this instability, 
karyotype analysis of nybrids was done. 
However the results were not conclusive 
mainly because the chromosome size of fish 
cells was almost tne same as the smaller 
ones of XP cells transformed by SV-49 to 
have aberrant chromosome constitution. 
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CULTIVATION OF CELLS FROM MEDAKA TUMORS 
INDUCED WITH CHEMICAL CARCINOGENS. 

H. Etoh, Y. Watai, Y. Hyodo-Taguchi, I. 
Suyama* and H. Matsudaira, Div. of Biol., 
*Div. of Environ. Health, Nat. Inst. 
Radici. Sci., (Chiba. 


Celis(OLHE) from hepatoma induced in 
medaka (HO4C) with MAM acetate and those 
(OLME) from MNNG-induced melanoma of 
medaka (HB32C) were cultivated in medium 
199 supplemented with 20% FBS at 25°C. 

The two cell lines grew in a disorientated 
crisscross fashion and formed dense foci 
after confluency. On the other hand, a 
normal fibroblastic cell line(OLF) formed 
no focus at all. Doubling times of OLHE, 
OLME and OLF were estimated at 67, 77 and 
43 hr respectively, from their growth 
curves. Mean chromosome numbers were 48 
for OLF and 46 for OLME. A bimodal distri- 
bution, with peaks at 47 and 85, was 
observed for OLHE. Adult medaka (HB32C) 
injected i.p. with 1-15x10° OLME cells 
died within one month due to growth of 
tumors, whereas one half of the fish 
injected with 0.4-50x103 cells were found 
to bear tumors on histological observation 
of serial sections of the total body. OLME 
cells were transplantable to the HOS as 
well as the HB32C, but not to the HO4C 

and outbred medaka of orange-red variety. 
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FIBROUS STRUCTURE OF CONNECTIVE TISSUE IN 
PROPER LAYER OF MOUSE ORAL CAVITY. 
T.Yamaai, Dept. of Oral Anat., Sch. of 
Dent., Okayama Univ., Okayama 700. 

The fibrous structure of the proper layer 
underlay the mouse oral epithelium was in- 
vestigated with the scanning electron and 
light microscopes. The surface of the basal 
lamina generally was observed as a honey- 
comb in the oral cavity. In the proper 
layer underlay the basal lamina, fibrous 
component consisted of interweaving 
collagenous fibers with fiber bundles. 
Collagenous fibers were randomly arranged 
to form a network everywhere. Collagenous 
fiber bundles ran in parallel to the 
antero-posterior axis of the oral cavity in 
the gingiva, alveolar mucosa, buccal mucosa 
and transverse palatine ridges. But they 
had no orientation in the region between 
transverse palatine ridges. Collagenous 
fibers and fiber bundles were arranged more 
wavy and loose in the alveolar and buccal 
mucosa. The resorcin-fuchsin positive 
elastic fibers were slender and randomly 
oriented in the alveolar mucosa, buccal 
mucosa and transverse palatine ridges. They 
were found just under the basal lamina in 
the alveolar and buccal mucosa, whereas 
they were found in the deeper position in 
the transverse palatine ridges. There was 
no elastic fibers in the gingiva. These 
obsarvations suggest that the elastic 
fibers might involve in the formation of 
the reginel difference of the epithelial 
cells in the oral cavity. 
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DETECTION OF ANTIGEN IN MOUSE SKIN BY 
MONOCLONAL ANTIBODY AGAINST MELANOSOME 
COMPONENT. 

N. Yanai and T. Takeuchi. Biol. Inst., 
Fac. of Sci., Tohoku Univ., Sendai. 


Melanosomes are specialized organelles 
of melanocytes. The organelle contains 
structural proteins that seem to be in- 
volved in melanosome architecture. In 
order to study the role of melanosomal 
protein in melanogenesis, we obtained 
monoclonal antibody against melanosome 
fraction. Melanosome fraction from B16 
mouse melanoma cells was used for immu- 
nizing Winstar rat. Then the rat spleen 
cells were fused with mouse myeloma cells. 
These rat-mouse hybridoma secreted anti- 
bodies against melanosome fraction. By 
immunoflorescence technique, a monoclonal 
antibody was shown to react to a portion 
of B16 melanoma cell. Using this antibody, 
ELISA assay was made to detect whether 
mouse skin contain the antigen. Homogeniz-— 
ed skin of 8-day new born mice competed 
with melanosome fraction for specific 
affinity to the rat monoclonal antibody. 
Not only the skin of black mouse (C57BL/6- 
J) but also the skin of albino mice (BALB/ 
c and ICR) contained this antigen. 
Regarding the evidence that albino mice 
possess amelanotic melanocytes, it seems 
that albino mice have an ability to form 
melanosomes. 
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EFFECT OF L-DOPA ON THE MELANIN PRODUCTION 
IN A MOUSE MELANOCYTE CELL LINE. 

C. Satol, T. Takeuchil and s. Ito2. 1Biol. 
Inst., Tohoku Univ. Sendai, 2Inst. Comp. 
Med. Sci., School of Med. Fujita-Gakuen 
Univ., Toyoake, Aichi. 


Epidermal cells from C57BL/6J mouse 
were cultured in the medium (MEM) contain- 
ing PMA (10 ng/ml) and cholera toxin (1078 
M). In these conditions melanocytes 
proliferated selectively. We cloned some 
of the cell lines from these cell 
populations. In one of the lines, clone TM 
10, both pheomelanosomes and eumelanosomes 
were observed with electron microscopy. 
Mosaic type melanosomes were also 
observed: fine structures of the eumelano- 
somal type and pheomelanosomal type were 
seen in a single melanosome. The quanti- 
ties Of eumelanin and pheomelanin were 
chemically determined by their degradation 
products, PTCA and AHP. It was shown that 
TM 10 cells contained equal amount of 
eumelanin and pheomelanin. 

When cells of TM 10 clone were cultured 
in the medium containing DOPA (2x1074m), 

a drastic increase in the content of 
pheomelanin was observed. This result was 


ascertained by ultrastructural observation, 


An increase in the ratio of pheo- 
melanosomes was observed. 


CBS 


TEST FORMATION OF A MONOCLONAL ANTIBODY 
AGAINST DENDRITIC RETICULAR CELLS IN THE 
LYMPH NODES OF MICE. 

S.Tanaka, H.Uda and T.Maruyama. Dept. of 
Path. Kagawa Med. School, Kagawa. 

Some dendritic reticular cells, (DRC), 
have birbeck granules in their cytoplasm. 
And it is known that DRC in the epidermis 
and its regional lymph nodes are involved 
in immuno response. However, there is no 
fixed theory on the origin of DRC. In 
search of its origin, we tried to prepare 
a monoclonal antibody against DRC to es- 
tablish its classification. To obtain the 
purest DRC possible, we used nude mice of 
the BALB/c strain. Single-cell suspen- 
sions of the lymph nodes in RPMI 1640 in- 
cluding 15% of fetal bovine serum were 
weakly adhered to plastics for 2-3 hours. 
Nonadherent cells were removed and the 
plastic dishes were maintained overnight 
at 37°C. During this culture period, most 
of the adherent cells could be easily dis- 
lodged, and their concentration of DRC was 
found to be 30%. These cells were used 
for immunising C3H mice. Hybridoma cul- 
ture media were checked by indirect immu- 
nofluorescent staining of frozen section 


of mice lymph nodes. DRC were immuno- 
stained for electron microscopy using an 
ABC kit(VECTOR LAB.). As a result of this 


experiment, the cell membranes of both DRC 
and monocytes reacted to some antibodies, 
indicating they may be similar in struc- 
ture. This may be a clue to the origin of 
DRC. 
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NUMBER OF IGG POSITIVE PLASMA CELLS 
AROUND THE PENICILLI IN MURINE SPLEEN WITH 
ADVANCING AGE. 
K.Shimizu, K.Honda and M.Hokano. Dept. of 
Ania lOkyOn Me drmC O1N ey mE OyOr 

A transformation of B lymphocytes to 
plasma cells induced by an antigen is 
called the plasma cellular reaction. This 
reaction when studied in vitro, shows no 
difference between young and old humans. 
However, it has not been studied whether 
the plasma cellular reaction is affected 
by age in vivo. Animals used were male 
mice of the IVCS strain. They were reared 
in a conventional environment ( 12L:12D ) 
and given food and water ad libitum. The 
spleen was removed, weighed, fixed in 10% 
buffered formalin, and embedded in paraffin. 
IgG was stained with the immunohistochemi- 
cal method ( PAP ). The organ weight 
increased as the animals grew older. The 
splenic lymphoid tissue regressed with 
advancing age. IgG positive plasma cells 
gathered along the penicilli in the senile 
spleen as well as in the adult spleen. 
Number of plasma cells around the penicilli 
showed no difference in the senile spleen 
as compared to the adult spleen ( meant+SE, 
10+1 at 7 months of age, 1342 at 12 and 
12+1 at 19-23, respectively ). Since mature 
plasma cells remain in the lymph node for 
a short time only and seldom divide there, 
our results indicate the plasma cellular 
reaction is not affected by age. 
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AN ESTABLISHED CELL LINE (SMF) DERIVED 
FROM SCORPION FISH. 

N.Ebitani! T.Kubo? *Biol. Lab.,Shohoku 
Coll., Ataugi, *Biol.Lab.,Jochi Univ.,Tokyo 


Fibroblast-like cell line (SMF) derived 
from the fins of Scorpion fish, Sebastiscus 
marmoratus, was established. The doubling 
time of SMF was approximately 37 hours at 
25. The saturation cell density was 5.5 
x 10* cells/cm* on the average and the con- 
tact inhibition of growth worked well. 

The cloning efficiency was considerably 
high and ranced from 33 to 65 % during sub- 
cultivation. The modal chromosome number 
in primary was 2n=48 (2 metacentric and 46 
acrocentric chromosomes).The modal chromo- 
some number in 146 PDN-SMF was 96 (4 meta- 
centric and 92 acrocentric chromosomes). 
Although the variation of chromosome number 
in*primary and 146 PDN-SMF was small, That 
of 203 PDN-SMF was large. The karyotype of 
203 PDN-SMF comprised 4 metacentric and 22 
- 102 acrocentric chromosomes. SMF showed 
three different modal chromosome numbers 
(96,992 and 102). These karyotypic changes 
showed that the trend in SMF cell line is 
the occurrence of tetraploidy followed by 
loss or addition of chromosomes. 

The structural changes is analyzing by C- 
banding. SDS-electrophoresis and electro- 
focusing analysis revealed that several 
proteins were different in quantity between 
primary and SMF cells. 
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A FREEZE-FRACTURE REPLICA STUDY ON THE ITO 
CELLS IN THE LIVER. 

K.Taira, T.Aoki and S.Shibasaki. Dept. of 
Anat., Gunma Univ. Sch. of Med., Maebashi. 


Fine structures of the Ito cells in the 
mouse, rat, guinea-pig and rabbit liver 
were examined by the freeze-fracture tech- 
nique. The Ito cells were identified by 
the localization in the Disse’s space and 
the presence of lipid droplets. The cell 
projected ramified processes along the 
endothelial cells. Lipid droplets in the 
Ito cells and the hepatocytes appeared as 
round bodies ccntaining homogeneous matrix 
or piles of concave or convex sheets. 
Microvilli were poorly developed and, 
therefore, the plasma membrane appeared 
smooth. Caveolae were sometimes observed 
on the plasma membrane. Intramembrane par- 
ticles were uniformly distributed on the P 
and E plasma membrane faces of most Ito 
cells, but they were distributed in clus- 
ters in some Ito cells. Particle-free hil- 
locks were occasionally seen on the plasma 
membrane. Lipid droplets were often iden- 
tified beneath these hillocks. Freeze- 
replica images of the cell were similar in 
examined respective animal species. 
Particle-free tubulovesicular networks of 
unknown nature were observed on the P 
Plasma membrane face of the hepatocytes. 
These networks appear to position in the 
Marrow intercellular space between the he- 
patocytes, but further confirmative stud- 
ies are needed. 
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ORIGIN OF HATCHING GLAND CELLS IN 
AMPHIBIAN EMBRYOS. 

E. Ohzu. Dept of Biol., Fac. of Sci., 
Univ. of Yamagata. Yamagata 


Following two experiments were made for 
studying the origin of hatching gland cell 
(HGC) in amphibian embryos. First, super- 
ficial layer explanted from the presumptive 
ectoderm of Rana ornativentris embryo was 
cultured in standard salt solution for 4-7 
days. HGCs were derived from cells local- 
ized on the neural crest in the stage l3a 
(early neural plate) embryo. When these 
explants were treated with LiCl and trans- 
ferred to Barth's solution, HGCs were in- 
duced during stages 8-ll. The optimum 
condition for inducing differentiation of 
HGCs was at stage 10. Under these optimum 
condition, explants underwent differentia- 
tion of HGCs accompanied by the occurrence 
of pigment cells. From these experimental 
results the induction of HGCs from the 
superficial epidermis is not a direct 
effect of LiCl but also a secondary effect 
due to the mesenchymal tissue and/or the 
pigment cell under the epidermal cell. 
Second, the stereoscan observation supple- 
ment the view about the origin of HGCs, 
by indicating that HGCs reduce their free 
surface through developmental stages. 
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CHANGES IN FUNCTIONS OF A SPONTANEOUSLY 
TRANSFORMED PORCINE DIPLOID ENDOTHELIAL 
CELL LINE. 

K.Yamamotol , M.Yamamotol, N. Hasegawa2 and 
Y.Nagasaka3 . Ilpept.Biol., Tokyo Metropol. 
Inst.Gerontol., Tokyo, 2Div.Cell Biol., 
Yakult Inst.Microbiol.Res., Kunitachi and 
33apan Sci.Inst., Tokyo. 


The establishment of a_ spontaneously 
transformed porcine endothelial cell line, 
PAE-20, is described. This line was iso- 
lated from a fresh porcine aortic endothe- 
lium by scrapping off method, and cotinu- 
ously subcultivated for more than two years 
up to 231 PDL. PAE-20 cell line grew with 
a polygonal monolayer morphology , and ex- 
hibited normal mode of chromosome number 
up to 231 PDL. Karyotype analysis by G- 
banding of chromosomes was normal at 18PDL. 
An abnormal chromosome, 3p+, was observed 
in all of 40 metaphase chromosomes at 231 
PDL. This spontaneously transformed cell 
line changed slightly in cell attachment, 
cell growth rate, and cell electrophoretic 
mobility at about 80 PDL. The cell line, 
however, possessed antibodies to Factor 
VIII antigen and high potential to produce 
prostacyclin during the long-term culture 
up to 231PDL. Thus, the PAE-20 cell line 
with stable phenotypes is expected to be 
useful as a permanent cell line for the 
study of vascular diseases and functions. 
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FORMATION OF DERMAL CHROMATOPHORE UNIT AND 
GLYCOSAMINOGLYCAN(GAG) DISTRIBUTION IN THE 
SKIN OF METAMORPHOSING TREE FROG. 
Y.Kamishima and J.Ukita. Dept. of Biol.. 
Facult. of Sci.. Okayama Univ.. Okayama. 


Conspicuous coloration of tree frogs 
appears during the metamorphosis and is 
known to be caused by the chromatophore 
unit: a specified distribution of three 
types of pigment cells, melanophores. xXan- 
thophores and iridophores. This study 
intends to find out what causes these 
cells to form the chromatophore unit. 

In the larval skin, melanophores were 
confined to the epidermis, whereas irido- 
Phores and xanthophores were found only in 
the hypodermic fascia. In the Subepidermal 
layer where the chromatophore unit was to 
be formed, no pigment cellS were found 
until the premetamorphic stage. At the 
Pprometamorphosis(TK st. XV) xanthoblasts 
and iridoblasts appeared in the dermis and 
migrated outward to the subepidermal area. 
When the epidermal cells were started to 
proliferate at the metamorphic climax(Tk 
St. XX-XXI) xanthophores and iridophores 
reached to the Subepidermal area forming 
concomitantly a part of the chromatophore 
unit. melanophores joined them later from 
the subdermal mesenchyme to establish the 
chromatophore. By this period, epidermal 
melanophores were disappeared. Histochemi- 
cal experiments showed neutral GAGs in the 
area melanophores were found and sulfated 
GAGs where iridophores were distributed. 
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INDUCTION OF XANTHOPHORE DIFFERENTIATION 
FROM EPITHELIAL-LIKE CELLS OF THE GOLD 
FISH SKIN. 1 2 il 
}- Wakamatsu , M. Obika and K. Ozatgo . 
Biol. Lab., Kyoto Uinv., Kyoto, Biol. 
Lab., Keio Univ., Yokohama 

Non-pigmented epithelial-like cells from 
the skin of orange-colored goldfish were 
cultured in a medium containing carp 
serum. When 1 mM dbcAMP or 0.25U/ml of 
ACTH were added to the culture medium, the 
cytoplasm became granular and yellow in 
Goeller eh 2 ico, 7 GleSVSs. The cells 
cultured in the carp serum-free medium did 
not show such yellow pigmentation in the 
same conditions. In electron microscopy, 
numerous larval type pterinosomes were 
observed in the yellow cells, while adult 
type pterinosomes were rarely found. The 
non-treated epithelial-like cells showed 
traits of young cells and had no apparent- 
ly differentiated pigment granule. Paper 
chromatography of pteridines showed that 
the yellow cells contained a lot of pteri- 
dines, especially sepia pterin which is 
typically found in xanthophores of larval 
fish, whereas in non-treated epithelial- 
like cells, the pteridine content and 
pattern were similar to those in other 
types of non-pigment cells. 

These results showed that the epithe- 
lial-like cells were undifferentiated pig- 
ment cells and differentiated to larval 
type xanthophores by treatment of dbcAMP 
or ACTH in the presence of carp serum. 
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ROLE OF MESENCHYME IN INDUCING GLAND-FORMA- 
TION OF HUMAN COLON CANCER CELLS IN ORGAN 
CULTURE. 

H. Fukamachi. ACOs Minsiso, Wa, Oi SCL. , 
Univ. of Tokyo, Tokyo. 


A human colon cancer cell line (LS174T) 
forms glands when combined with fetal rat 
digestive-tract mesenchymes in organ cul- 
ture. The role of the mesenchymes and re- 
constructed type I collagen gel in inducing 
gland-formation of the cancer cells was 
compared. 

In the combination with the mesenchyme, 
the percentage of the gland-forming cancer 
cells was as high as 35%, while in combi- 
nation with the collagen gel, the percent- 
age was Significantly lower: 14% (cells 
dispersed between gel layers), 9% (cells 
dispersed on the gel), and 7% (cells dis- 
persed in the gel). Immunohistochemistry 
with anti-laminin antiserum showed that the 
mesenchyme was rich in laminin, while 
laminin was only scarcely observed at the 
basal surface of glands in combination with 
the collgen gel. Ultrastructurally, basal 
lamina was observed only when cancer cells 
were combined with the mesenchyme. 

These results suggest that LS174T cells 
acquired polarity by combination with ei- 
ther mesenchymes or collagen gels, but that 
the acquired polarity was stabilized by 
laminin and other components for basal lam- 
ina formation supplied by surrounding mes-— 
enchymes. 
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A METHOD TO ANALYZE THE CELL MIGRATION 
QUANTITATIVELY WITH MICROCOMPUTER-ASSISTED 
TIME-LAPSE VIDEOMICROGRAPHY. 

N. Zama-and H. Katow* Math Walbeasnemekene 


Univ., “Biol. Labs, Rikkyo Undivijeeloreer 


The cell migration can be quantified by 
measuring such factors as a distance, a ve- 
locity, and a path. These factouspalisogeam 
be represented by a form called the "cell 
migration pattern'"(1,2). To analyze the 
mechanism of cell migration, the cells are 
needed to be incubated in various condit- 
ions. Then, one has to compare these cell 
migration patterns. The comparisons require 
adequate nonparametric statistics, such as 
a Kolmogorov-Smirnov test and a Mann- 
Whiteney test. This exhaustively time-con- 
suming procedure is now conspicuously im- 
proved by a system which is composed of a 
microscope-connected videocamera, a monitor 
TV, a position analyzer, and a microcomput- 
er. In this study the primary mesenchyme 
cells of Pseudocentrotus depressus were 
incubated in collagen and in a mixture of 
collagen and fibronectin. The cell migrat- 
ion patterns were calculated and compared 
using the present system. With this system 
up to 5 cells can be monitored and analyzed 
simultaneously. Their paths are visualized 
as the lines connected each chronological 
location of the cells. The results are 
printed out as the treated data with the 
raw data. 

1. Katows Hemi MeaHayasiie 198m Jem Ceual 
ates Oils (stn jxceSs yo Zo Keltcons ll. 1985. 
Exp. Gell Reis. (Gin pieisisy 
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ENZYME-IMMUNO-HISTO IN SITU HYBRIDIZATION 
(EIHISH): CELL AND TISSUE PREPARATION. 
ena, FL. Moriuchi and P: K. Nakane. 
Dept. of Cell Biol.. Tokai Univ. School of 
Medicine, Isehara, Kanagawa. 

The understanding of physiological 
function of tissues requires studies on the 
states of nucleic acid and protein metabo- 
lism at the cell level. To localize speci- 
fic mRNA by EIHISH. DNA probe was labeled 
With hapten (i.e. dinitrophenyl group). 
The state of tissue reservation and_ the 
signal/noise ratio in the final preparation 
as a parameter. the conditions necessary 
for fixation and removal of various inter- 
fering materials were examined. As for the 
fixative, ethanol/acetic acid (3:1) for 
fresh frozen sections and whole cellS was 
acceptable for the demonstration of c-myc 
mRNA. In order to enhance cCDNA-mRNA hybri- 
dization and to reduce nonspecific reac- 
tion. conventional treatments such as the 
removal of basic proteins by 0.2 N HCl and 
protease were found to be necessary. 
whereas treatment with 2 x SSC(70° Cc. 30 
min) had no beneficial effects. DNA with 
high GC content had tendency to react non- 
specifically with specific cellular’ and 
stromal structures such as’ blood vessels 
and basement membranes. Treatment with 
collagenase, formaldehyde or acetic anhyd- 
ride prior to the hybridization reduced the 
nonspecific reaction. With these modifica- 
tions. c-myc mRNA were found in some HL-60 
cells in random culture and in 
spermatogonia. whereas not in the cells in 
later-stages of spermatogenesis. 
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SURFACE SPECIALIZATIONS OF PLANARIAN GAST- 
RODERMAL CELLS AS REVEALED BY STAINING 
WITH RUTHENIUM RED. 

I. Hori. Dept of Biol., Kanazawa Med. 
Univ., Ishikawa-ken. 

The regional difference of the surface in 
planarian gastrodermal cells is emphasized 
by staining with ruthenium red (RR). It is 
proposed that such a difference reflects 
the functional diversity of the luminal, 
lateral and basal surfaces of the cells. 
The luminal surface is coated with a 
uniform layer of the RR positive-substance 
which penetrates into the intercellular 
space at the intermediate junction. The 
septate junction situated just beneath the 
intermediate junction shows a permeability 
barrier to RR tracer. At the basolateral 
surface, however, RR stains the septate 
junction in which the electron density of 
individual septa is enhanced remarkably. 
The gastrodermal cells are delineated with 
the RR positive-substances passing freely 
through the gap junctions. The irregularly 
dilated space at non-junctional regions 
includes slight deposit of the RR positive 
substances attaching to the cell membrane. 
The basal surface is underlined by the 
continuous basal lamina which consists of 
the lamina densa and the lamina lucida. 
The lamina densa has conspicuous affinity 
for RR. The lamina lucida is characterized 
by irregular deposits of the RR positive 
substances some of which concentrate on 
the hemidesmosomal portions. Hyaluronidase 
abolishes RR staining of the basal lamina. 
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MOVEMENT OF CYTOPLASMIC GRANULES AND 
MICROINJECTED POLYSTYRENE BEADS ALONG 
ASTRAL RAYS IN FERTILIZED SAND. DOLLAR EGGS 
M. S. Hamaguchi~, Y. Hamaguchil and 

Y. Hiramotol2, 1Biol. Lab., Tokyo Inst. of 
Technol. Tokyo and 2Div. of Cell Prolif., 
Natl..Inst. for Basic Biol., Okazaki. 


We investigated the movement of cyto- 
plasmic granules and microinjected poly- 
styrene beads in eggs of the sand dollar, 
Clypeaster japonicus. Some cytoplasmic 
granules less than 1 pm in diameter moved 
mainly centripetally along astral rays of 
sperm- and mitotic asters. Microinjected 
polystyrene beads also moved along astral 
rays of and finally gathered about the 
astral center. Beads of 1 pm in diameter 
moved at the average velocity of 0.3 pm/s 
and those of 0.2 um in diameter moved 
faster. By the division of the center of . 
the sperm aster, beads were separated into 
two groups near the centers and then 
incorporated into the daughter blastomeres 
at successive cleavages. The injected 
beads never moved when the aster was 
absent by treating the egg with Colcemid. 
These results indicate that astral rays 
carry foreign polystyrene beads in the 
cytoplasmic granules and that microtubules 
are essential to the movement of particles. 


GE 1 


PHYSICALLY CUTTING OF THE MICRONUCLEAR 
CHROMOSOMES IN TETRAHYMENA THERMOPHILA 
K.Ohmori and T.Sugai. Dept. of Biol., 
Ibaraki Univ., Mito. 


Tetrahymena cell has a diploid micro- 
nucleus (2n=10). 

We found that, by physically cutting 
conjugating cells at the stage of micronu- 
clear extension (pachytene), the micronu-- 
eléi were cut. The cell fragments cancelled 
later nuclear changes. When transferred to 
nutrient medium, they recovered and divided 
vegetatively. Haploid micronucleus extends 
at pachytene as well as diploid. Using di- 
ploid and haploid strains, we have estab- 
lished clones with micronuclei which are 
smaller than control and examined the 
micronuclear chromosome constitution of 
those clones at meiotic metaphase I. Fol- 
lowing results were obtained:(a) Those 
clones were aneuploid (2n-2,2n-2-2 and n-1, 
n=2). (b) The nucleus of the n-1 and n-2 
clone contained a chromosome with deletion. 

By this method, strains with various 
chromosome deletion could be easily con- 
structed and useful for genetics of Tetra- 
hymena. 
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GE 2 


CHROMOSOME NUMBERS AND KARYOTYPES IN FOUR 
SPECIES OF REGULAR SEA URCHINS. 
K.Saotome, Yokohama City Institute of 
Health, Yokohama. 

Chromosome numbers and karyotypes were 
examined in four species of regular sea 
urchins;Glyptocidaris crenularis belonging 
to Arbacioida, and Pseudocentrotus 
depressus (Toxopneustidae) , Hemicentrotus 
pulcherrimus (Strongylocentrotidae) and 
Anthocidaris crassispina (Echinometridae) 
belonging to Echinoida. Chromosome prepara- 
tions were made by air- and flame-drying 
methods after sea urchin embryos at cleav- 
age stage were treated with colchicine, 
0.075M KCl, and then Carnoy's fixative. G. 
crenularis showed a chromosome number of 
44, while chromosome numbers of P.depressus, 
H.pulcherrimus and A.crassispina were 42. 
Difference in chromosome number between 
Arbacioida and Echinoida was observed. From 
karyological study, four species were found 
to have specific karyotypes for their re- 
spective species:1)A.crassispina had many 
metacentric chromosomes, 2)H.pulcherrimus 
had more subtelocentric chromosomes than 
metacentric ones,3)ratios of meta-, sub- 
meta- and subtelocentric chromosomes of P. 
depressus were not different so much, and 
4)centromere posions of G.crenularis were 
not clear even under several conditions of 
colchicine treatment. However, existence of 
a pair of large metacentric chromosomes was 
common to all four species. 


GE 3 


DNA REPLICATION PATTERNS (R-BANDS) IN 5 
POND TYPE HYNOBIUS FROM JAPAN AND KOREA. 

M. Kuro-o, R. Katakura, C. Ikebe and S. 
Meine, ike DEE, Ce Oils, Macul. oe Seis, 
“ep Ise, Ope oils, Ievell, Ce. Gein, inésbie., 
Toho Univ., Chiba. 

——— 

The chromosome analysis was made in the 
salamanders belonging to the genus Hynobius 
with the improved R-banding technique using 
5-bromodeoxyuridine (BrdU). The embryonic 
cells of H. retardatus from Tohbetsu, H. 
nigrescens from Nakakubiki, H. tokyoensis 
from Isumi, H. nebulosus from Nagasaki in 
Japan, and H. leechii from Yang ju and So 
geum gan in Korea were cultured in medium 
containing 400 pg/ml BrdU. The staining of 
the slides was made by the FPG (fluorescent 
plus Giemsa) technique with slight modifi- 
cations. 

DNA replication SeheSigns aly iene SF 
species were analyzed, except for most of 
the small-sized chromosomes. In these 5 
species, 11 chromosomes showed their re- 
spective identical replication patterns. 
The replication patterns in H. nigrescens, 
H. tokyoensis, H. nebulosus and H. leechii 
were very Similar to one another as their 
karyotypes are. The only one distinct 
difference in replication patterns among 
them was on the long arm of chromosome 2. 

The results imply that H. nigrescens, H. 
tokyoensis, H. nebulosus and H. leechii are 
extremely close to one another, with H. 
retardatus being at a short distance from 
them in their phylogenetic relationship. 


GE 4 


MUTANTS OF IRIDOCYTES IN THE MEDAKA. 
H.Tomita. Lab. of Freshwater Fish Stocks, 
leila Cre Silo WeGCONel Wins o o 

The iridocytes of the medaka (Oryzias 
latipes)are distributed in the skin, the 
eye balls, the peritoneal wall and so on. 
The mutant genes als) 2 Seon meies 
and gu-2 concerning the iridocytes are _ 
found in our laboratory. 

the il-1 ,2l-2.genes are polymer create 
somal and recessive. The phenotye is in 
the absence of guanin in the skin and in 
the gill covers which are transparent. 

The Si gene is autosomal and dominant. 
The phenotype is in the absence of a pair 
spots of the iridocytes on the brain mem- 
brane (behind the eye balls). 

In the gu mutant(autosomal and recessive) 
the iridocytes contain a small quantity of 
guanin in the skin, the peritoneal wall, 
the eye balls and so on. The color of the 
peritoneal wall is dark brown because of 
decrease of guanin. . 

In the gu-2 mutant (autosomal and reces- 
sive), the color of the eye balls of lar- 
vae is black because of the absence of 
guanin. The color of the eye balls be- 
comes to normal following the growth. 

The dg mutant is autosomal and recessive,. 
The phenotype is similar to that of the Si 
mutant. 
dg,gu and gu-2 are not found up to the ~ 
present, as the test crosses have been 
done with other mutant genes. 


GE 5 


ESTABLISHMENT OF ALBINO MELANOCYTE CELL 
LINES. 
H. Abe and T. Takeuchi, Depat. of Biol. 
Sci. and Biol. Inst., Tohokw Universuieys, 
Sendai. 


In order to prepare recipient cells for 
gene-transfer experiment, we attempted to 
isolate pure melanocyte population homo- 
zygous for the albino gene. Dorsal skin 
from 3.5-day-old mouse (BALB/c; genotype, 
c/c) was treated with 0.5% trypsin. The 
epidermis was separated from the skin and 
was dissociated into free cells. The 
cells were cultured in MEM supplemented 
with 10% fetal bovine serum and treated 
with 16 nM phorbol 12-myristate 13-acetate 
and 10 nM cholera toxin. 2-3 months after 
the primary culture, cells were cloned 
and 7 cell lines were established. Among 
those, we examined two cell lines, AMA7 
and AMT6. 

Both two cell lines possess dendrites 
and melanosome-like granules in their 
cytoplasm, while they lack tyrosinase 
activity. Therefore, these cells ®seen mre 
be amelanotic melanocytes derived from 
the albino mouse. The growth rate was 
higher in AMA7 (doubling time: 18.0 h), 
whereas that was lower in AMT6 (doubling 
time: 32.2 h). These cell lines seem to 
be useful for the studies of cell heredity 
and regulation of gene expression. 
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GE 6 


REPRODUCTIVE POTENTIAL OF ANEUPLOIDIC TURKISH 
HAMSTERS IN A BREEDING COLONY. 

T.Shimada. Dept. of Hygiene and Preventive 
Medicine, Y: ata Univ.Sch.of Med., Y. ata. 

It has been known that the Turkish hamster 
(Mesocricetus brandti) from Malya has 42 
chromosomes with two pairs of § acrocentric 
chromosomes and that the Turkish hamster from 
Ankara has 44 chromosomes with three pairs of 
acrocentric chromosomes. Several kinds of 
chromosomal variants with anywhere from 42 to 
44 chromosomes were previously reported among 
the supposed Malya hamster in a_ breeding 
colony. These chromosomal variants also 
involved heteromorphic variations in chromosome 
#19. This report describes the reproductive 
potential of aneuploidic Turkish female 
hamsters compared with the other chromosomal 
variants. Seven of nine (78%) aneuploidic 
females (Variant 4;2n=43,AA) were fertile. 
However, the fertility rate of other 
aneuploidic females (Variant 5;2n=43,AM) was 
the lowest of those tested (30%,3/10). The 
fertility rate of euploidic females was 38% 
(3/8) in variant 1 (2n=44,AA), 67% (4/6) in 
variant 2 (2n=44,MM) and 45% (9/20) in variant 
3 (2n=44,AM). A total of 62 offspring from 15 
crosses of 7 variant-4 females X males (2n=44) 
were produced. The average litter size of 4.1 
from variant-4 females was similar to that of 
the other’ variants. Twenty three of 45 
karyotyped offspring were aneuploidic. These 
results reveal that the aneuploidic female 
hamsters (Variant 4) were fertile and 
transmitted from parent to progeny during five 
generations in a breeding colony. 


GE 7 


MECHANISM ON THE APPEARANCE OF POLYPLOIDS 
IN A HEREDITARY MOSAIC STRAIN OF THE SILK 
MOTH (BOMBYX MORI L.). 

A. Murakami, Dept. of Ontogenetics, Natl. 
Inst. of Genetics, Mishima. 


Genetic constitution of 18 tetraploids 
detected in the cross between a hereditary 
mosaic (mo) strain female heterozygous for 
pe gene and a recessive marker male was an- 
alysed to make clear their origin. These 
tetraploids were backcrossed to the marker. 

Three different segregation ratios thus 
observed were 1:1, 5:l and O:1. It follows 
from these ratios that the genetic or chro- 
mosomal constitution of the tetraploids was 
+/pe/pe/pe, +/+/pe/pe and pe/pe/pe/pe, respec- 
tively. The number of insects with the 
first type was over half the materials ana- 
lysed. It seems as if the +/pe/pe/pe type 
tetraploid would correspond with a [(+/pe) (pe/ 
pe)] type double fertilized mosaics, for ex- 
ample, and indicating that this type tetra- 
ploid resulted from a fusion product of two 
Synkaryons. The appearance of both tetra- 
ploid and mosaic insects appears to be con- 
cerned in a common mechanism as a high af- 
finity among gametic nuclei, ova, polar- 
bodies, sperm and/or synkaryons. A slight 
change in ooplasm may lead to a turning 
point of the unusual synkaryon developing 
into either of both types. The fact that 
the appearance of the +/+/pe/pe and pe/pe/pe/pe 
type tetraploids suggested the occurrence 
of their corresponding [(+/pe)(+/pe)] and 
[((pe/pe) (pe/pe)] type mosaics, respectively. 


GE 8 


ACCUMULATION OF 3-HYDROXYKYNURENINE AND STRUCTURAL 
CHANGES IN MALPIGHIAN TUBULES OF DROSOPHILA MELANO- 
GASTER. 

S.Yagil and H.Ogawa2. IDept.of Biol. ,Coll.G.Educ., 
Univ.of Tokushima. Tokushima and @Dept. of Biol., 
Sch. of Hygiene, Fujita-Gakuen Health Univ. Aichi. 


Changes in fluorescence and structure of the cy- 
toplasmic sranules in Malpighian tubules of Droso- 
phila melanogaster are closely connected with in- 
tracellular tryptophan metabolism. A wild type, 
Oregon-R, seven eye color mutants, brown (bw) ,card- 
inal brown (cd bw), vermilion brown (v bw), cinna- 
bar brown (cn bw),scarlet brown (st bw), lightoid 
brown (ltd bw) and white (w) were used to investi- 
gate contents of 3-hydroxykynurenine in larval Mal- 
pighian tubules by HPLC. In Oregon-R, bw, cd bw, 
3-hydroxykynurenine (3-OHK) is actively transferred 
into and accumulated in the tubules, whereas no 
such phenomenon is observed in v bw, cn bw, st bw, 
itd bw and w. Larvae of v bw and cn bw were given 
tryptophan metabolites, tryptophan, kynurenine or 
3-OHK. 3-OHK accumulation occured about 2 to 3h 
after giving the compounds, when v bw larvae were 
given kynurenine or 3-OHK and cn bw larvae were 
given 3-OHK. Then 22h later, 3-OHK accumulation in 
Malpighian tubules exceeds that of wild type, Ore- 
gon-R. The increase of 3-OHK contents in the tubu- 
les is always accompanied with the structural 
changes of the cytoplasmic granules. On the other 
hand, no accumulation of 3-OHK in the tubules after 
feeding tryptophan metabolites is detected in st bw 
and w larvae, which are absent the granules. Based 
on these observations, a possible relationship of 
the structural changes of the cytoplasmic granules 
in Malpighian tubules and 3-OHK is proposed. 


IM 1 


DEVELOPMENT OF XT-1+ LYMPHOCYTES IN XENOPUS LAEVIS. 
S. Nagata, Tokyo Metropol. Inst. Gerontol. 


Development of T lymphocytes in Xenopus laevis 
was studied using a mouse monoclonal antibody 
(mAb), XT-1, that was produced against surface 
determinants on thymocytes of J strain frog (1984 
JSC meeting). Ontogenic studies, employing immu- 
nofluorescence, showed that cells positive for the 
determinant recognized by XT-1 mAb (xT-1* cells) 
were first detected in the thymus of J strain 
Xenopus by Nieuwkoop and Faber stage 48 (7 days 
postfertilization) and then in the spleen, liver 
and kidney by stage 52 (20 days postfertilization). 
Percentages of XT-1* cells in the thymus increased 
rapidly by stage 49 (10 days postfertilization) and 
reached adult levels by stage 52, and those in the 
spleen, liver and kidney reached adult levels by 
stage 56 (40 days postfertilization). Electron 
microscopic immunohistochemistry revealed that most 
XT-1+ cells in thymuses from stage 56 larvae were 
typical small lymphocytes (4-7 pm in diameter). In 
contrast, many XT-1*+ cells in larval thymuses at 
stage 49 are large (8-10 pm in diameter) 
lymphoblastoid cells. Thymectomy at stage 46 (5 
days postfertilization) depleted XT-1* cells in 
larval and adult lymphoid organs to background 
levels. These results suggest that the XT-1* cells 
are differentiated from the lymphoid precursor 
cells in the thymus before the appearance of small 
lymphocytes and migrate into peripheral lymphoid 
organs. The cell surface determinant recognized by 
the XT-1 mAb may provide an important marker for 
the differentiation of T lymphocytes in Xenopus. 
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IM 2 


MECHANISM OF ALLOTCLERANCE IN XENOPUS. I. 
CLONAL ABORTION IN EARLY THYMECTOMI ZED 
FROGS RECONSTITUTED BY TRANSPLANTATION OF 
IRRADIATED SEMIALLOGENEIC THYMUS. 

M. Maéno, T. Nakamura, S. Tochinai, and 
Che "Katagiri Zool) lintsite  Waicran ce) iess. 
Hokkaido Univ., Sapporo. 


Dhe adwht strip lod | i i7/air/ai) ee xemlopiurs 
laevis thymectomized as early larva were 
grafted with heavily irradiated (10,909 
rad) thymuses from the MHC-haplotype 
disparate: @)/k) fogs, (Cito) bye inmithessic 
frogs both the skin graft rejection (SGR) 
and mixed leukocyte reaction (MLR) against 
thymus-donor were negative, but were vig§- 
orous against third party frogs. Analyses 
of lymphocyte ploidy indicated that all of 
lymphocytes in the reconstituted frogs 
were of host-origin, suggesting that tie 
reconstitution was achieved by the host 
cells that differentiated into mature T 
cells in the grafted epithelial thymus. 
Transfer of lymphocytes from tolerant 
ORS EO Moe I VrOgS rallied CO Suppress 
SGR and MLR of the latter against (JXK)F). 
However, the specific unresponsiveness to 
K haplotype was transferred and maintained 
for a long period in the early thy- 
mectomized J frogs that received spleno- 
cytes from the tolerant animals. We 
suggest that the tolerant state in the 
thymectomized frogs receiving irradiated 
semiallogeneic thymus is based on tne 
selective abortion of T cell populations 
directed against the thymus-donor. 


IM 3 


MECHANISM OF ALLOTOLERANCE IN XENOPUS. 
II. ACTIVE SUPPRESSION OF RESPONSE 
AGAINST SKINS GRAFTED IN LARVAL STAGES. 
T. Nakamura, M. Maéno, S. Tochinai, and 
Ch. Katagiri. ZOOL WiaSiwag BACs Sito, 
Hokkaido Univ., Sapporo. 


When the strain J X. laevis larvae at 
st. 51-52 (17-21 day old) were grafted 
with relatively large sized (2 mm?) skins 
from (JxK)Fi frogs, the host animals per- 
fectly tolerated the grafts for >125 days 
over the period of metamorphosis. This 
tolerance to skin donors were maintained 
even after additional stimuli either by 
injure to the grafts or application of 
secondary and even tertiary grafts from 
the same donor. Injection into these 
tolerant frogs with normal J splenocytes 
including K-reactive T cell population 
did not abolish the specific allotoler- 
ance, although the experiments employing 
triploid hosts and diploid cells indi- 
cated that the injected splenocytes occu- 
pied the lymphocyte population in the 
host spleen to a considerable degree. 
Determinations of mixed lymphocyte reac-— 
tion revealed, however, that the lympho- 
cytes from these tolerant frogs reacted 
against  (Iixk)r cells ac stronplly. cas 
against the cells from third party indi- 
viduals. The overall results indicate 
that this larvally induced tolerant state 
is maintained by the active suppression 
to the specific alloantigens. 


IM 4 


PRODUCTION OF ANTISERA DIRECTED AGAINST 
TESTICULAR CELLS BY FEMALE MICE, 

Y.Nagai and M.Maeda. Biol. Lab., Fukui Med- 
ical School, Fukui, 


Antisera directed against testicular 
cells were produced in C57Black/6 and 
BALB/c female mice by repeated intraperi- 
toneal injection with 10-20 x 10° syngeneic 
adult male testicular cells. Sera were 
obtained 8-10 days after the eighth injec- 
tion. Most antisera showed cytotoxic ac- 
tivity against testicular cells from 10 
days-old mice, indicating that they con- 
tained antibodies directed against somatic 
components of the testis. The presence of 
antibodies recognized somatic components 
was confirmed by an immunohistolcgical 
technique. The cytotoxic activity was 
completely abolished after absorption by 
testicular cells. Some antisera also con- 
tained potent antibodies cytotoxic against 
epidermal cells from male tail skin. 50p1 
of 1/4 diluted antiserum were absorbed with 
10 x 10© male and female spleen cells. Both 
cells could only partially absorb the cyto- 
toxicity without any difference, excluding 
the possibility that the antiserum contain- 
ed H-Y antibody. On the other hand, epi- 
dermal and testicular cells could almost 
completely reduce the cytotoxicity under 
the same absorption condition, suggesting 
that the testicular cell shared some cell 
surface antigens with the epidermal cell. 


li) 3 


EFFECTS OF TRANSPLANTED THYMOCYTES ON THE 
NUMBER OF PLAQUE FORMING CELLS IN THE MICE. 
T.A. Nomaguchi and Y. Sakurai. Dept. Biol., 
Tokyo Metropol. Inst. of Gerontol., Tokyo. 


The number of plaque forming cells (PFC) 
representing a T-dependent immune response 
capacity increased with growth, reached peak 
level at 6 months of age and declined with 
aging in SPF C57BL/6NCrj male mice, showing 
22.3 + 6.3) months in) mean deskespann The 
number of PFC to sheep erythrocytes (SRBC) in 
the mice, y-irradiating and transplanting 
with bone marrow, increased higher than the 
control level by receiving thymocytes before 
immunization(Zool. Sci. 1, 901). 

Effects of thymocytes from donors at dif- 
ferent ages(1.5, 3, 6 mo.) on immunity in 
recipients at various ages(1.5, 3, 6, 12, 16, 
24 mo.) were determined. PFC in 10’ Spilteen 
cells was measured 4 days after immunization 
of SRBC. Thymocytes of 5 x 10° were also 
transplanted before a week of immunization. 

Mice received thymocytes from 1.5 months 
old donor suppressed PFC production in low 
level except 24 months old recipients. 
Thymocytes of 3 months old donor reversely 
enhanced the immune response for 1.5, 3 and 
16 months old recipients, but suppressed for 
6 and 12 months of age. Thymocytes in 6 
months of age also enhanced the response for 
young and old recipients. Animals an 22 
months of age were always suppressed PFC 
levels by thymocytes from every donors. 

It was indicated that thymus regulates a 
T-dependent immune function during lifetime. 
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IM 6 


RODENTS HAVE A TONSIL ? 
T.Takagi and K.Nishikawa. Dept.of Anat. 
Sch.of Dentist. Tokushima Univ. Tokushima. 


In Guinea-pigs(Cavia cobaya), the oral 
and pharyngeal mucosae were examined mor- 
phologically. The lymphoid tissue similar 
to a tonsillar one was found in the late- 
ral wall near the nasopharynx. The tissue 
associated with the secretory duct of the 
mixed seromucous gland, and the epithelium 
was stratified squamous and was infiltrated 
with lymphocytes. The tissues had no cap- 
sule and no paranodular area. 

Ordinarilly, rodents have no tonsils. 
But this viewpoint has been supported for 
the reason that rodents have no aggregated 
lymphoid nodules at their oropharyngeal 
isthmuses. 

From the present results, it may be con- 
sidered that rodents have also a tonsil in 
the diversity among mammals though it may 
not be a "typical" one. 


IM 7 


DNA SYNTHESIS INHIBITORY PEPTIDES FROM MAMMALS AND 
INSECTS 

Y. Okai 

Tokyo Res. Lab., Kyowa Hakko Kogyo Co., Tokyo 


Similar inhibitory peptides for DNA synthesis 
were found in fetal calf serum and a hemolymph of 
the moth, The factors were highly purified by gel 
filtration, ion exchange and thin layer chromato- 
graphy, which showed the same effects on some 
bacteria and mammalian cells. The similar peptides 
were also detected in the serum-free culture medium 
conditioned by murine or insect fibroblastic cells. 
The significance of these peptides is discussed 
from the physiological and evolutional aspects. 


IM 8 
CHARACTERISTICS OF SOME ELEMENTS INVOLVED IN 
HOST DEFENSE OF PIERIS RAPAE CRUCIVORA, AND 


EFFECTS OF LIGATION ON THEIR PRODUCTION 
H.Wago, Department of Bacteriology, Saitama 
Medical School, Moroyama, Saitama 

Granular cells of P.rapae crucivora, functi- 
oning as phagocytes, not only increase their 
size contrary to reduction of their number, 
but also iose their filopodia in relation to 
pupation. However, hemagglutinating activity 
against sheep erytrocytes (SRBC) appears in 
the plasma simultaneously with production of 
lectin-receptor on the surface of phagocyte 
membrane. When the ligation experiments were 
performed to examine that these phenomena 
were truely associated with pupation, it was 
shown that only the hemolymph of pupated 
rear halves contained agglutinating activity 
as well as granular cells which increased 
their size with filopodia lost and had lec- 
tin-receptor. Accordingly, it seems that 
these phenomena are in a system under endo- 
crine control and that these distinct chan- 
ges may be one of the immune strategies in 
Lepidoptera. Additionally, treatment of cell 
with trypsin decreased both the spontaneous 
and lectin-mediated binding of SRBC to the 
phagocytes. Adsorption of hemolymph with 
SRBC or heat treatment of 56°C for 30 min 
destroyed agglutinating activity, and some 
sugars, particularly D-galactose, inhibited 
agglutination as well as lectin-mediated 
binding. In this sense, it will be assumed 
that phagocyte membrane has a trypsin-sensi- 
tive structure which binds to lectin with 
some sugar specificity. 


BI 1 


CHEMICAL CHARACTERIZATION OF ECLOSION 
HORMONE IN ADULT HEADS OF THE SILKWORM, 
BOMBYX MOR]. 
H.Nagasawa , T.Miko amit, T.Kong’,, 
A.Isogai’, A.Suzuki+* and H. Fugo2 Dept. of 
Agr. Chem., The Univ. of Tokyo, Tokyo and 
2Fac. of Agr., Tokyo Univ. of Agr. and 
Tech., Tokyo. 


Eclosion hormone (EH) is a neuropeptide 
hormone responsible for initiation of a 
series of eclosion behavior in insects. In 
the previous study, EH (10 pg) was purified 
from 180,000 Bombyx pharate adult heads by 
16-step procedure and its NH2-terminal 13 
amino acid residues were determined. In the 
present study, EH was purified from 440,000 
Bombyx adult heads to get more extensive 
sequence information. Two additional steps 
of purification by HPLC were neccessary to 
obtain pure hormones partly because EH in 
the adult head is far less than that in the 
pharate adult head and partly because at 
least 4 molecular forms of EH exist in the 
adult head. These EHs, tentatively named 
EH-I, II, III and IV, were isolated by 18- 
step procedure with a total yield of 15 %, 
all of which could elicit adult eclosion 
behavior at the doses of 0.1-0.3 ng. By 
automated gas-phase sequencer, NH2-terminal 
amino acid sequences of EH-I and II were 
determined to be: 


EH-I H-Ala-Ile-Ala-Ser-Ser-Tyr- (Asp) - 
Ala-Met-Glu-Ile- 
EH-iI H-Ser-Pro-Ala-Ile-Ala-Ser- 
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BI 2 


CONJUGATE FORMATION OF STEROIDS IN THE 
SILKWORM OVARY. 

M.Ogiso!, Y.Fujimoto*, N.Ikekawa* and E. 
Ohnishi®. ‘II Dept. of Physiol., Toho 
Univ. School of Med., Tokyo, *Dept. of 
Ghem., Bac. Of Sci, Tokyo inst. .of techs 
nol.; Tokyo, Bell: cinsts; aca of Sci, 
Nagoya Univ., Nagoya. 


Conjugate formation of steroids was in- 
vestigated in cultured ovaries of the silk- 
worm, Bombyx mori. Of metabolites derived 
from estradiol-178 (E2), two was identified 
to be 3-8-glucoside and 17-a-glucoside by 
GC-MS and “HNMR. The fact was unexpected. 
In vertebrates, FE. is metabolized by hydro- 
xylation to estriol, epiestriol or by epi- 
merization to estradiol-17a. Further, Eo 
and metabolites are inactivated by conju- 
gation with glucuronic acid and sulfate. In 
insects, phosphate ester of ecdysteroids 
has been demonstrated. In Bombyx ovaries, 
the presence of E,-17-phosphate and testo- 
sterone-17-phosphate was also suggested by 
enzymic hydrolysis and chromatographic be- 
haviours in TLC and HPLC. In cultured 
ovaries taken from early pupal stages, 
ecdysone conjugate was found to be predomi- 
nantly phosphate ester from HPLC analysis 
and phosphatase hydrolysis. The conjugate 
formation of steroids to glucoside and 
phosphate ester is discussed in relation to 
inactivation, detoxication and excretion of 
steroid hormones in insects. 


BI 3 


ACCUMULATION AND EXCRETION OF G-ALANINE IN 
PAPILIO XUTHUS, 

Y. Umebachi and ¥,. Ishizaki. Dept of Bi- 
ol., Fac. of Sci., Kanazawa Univ., Kanaza- 
wa. 


In order to elucidate the synthesis of 
Papiliochrome in P, xuthus, the levels of 
@-alanine were determined during the pupal 
and adult stages. Free #-alanine begins 
to increase from the middle pupal stage, 
reaches a maximum at the time of red spot 
appearance in hind-wings, and then decrea- 
ses to the low level of adult. The 70 % 
ethancl-soluble-bound #-alanine increases 
gradually from the middle pupal stage and 
very sharply shortly before emergence, 
This corresponds to the accumulation of 
Papiliochrome in the yellow scales. Black 
scales contain only a small amount of #- 
alanine. The 70 % ethanol-insoluble-bound 
A-alanine rapidly increases from the midd- 
le pupal stage and reaches a maximum shor- 
tly before emergence. In contrast to the 
soluble-bound form, the insoluble-bound 
form decreases a little immediately before 
emergence. Most of the insoluble-bound 
form in adult seems to be present in the 
wing-membrane and body wall. At the time 
of emergence, a small amount of soluble- 
bound form is excreted as a meconium. The 
exuviae after emergence contain only a 
very small amount of @-alanine. Conseque- 
ntly, most of the @-alanine which is syn- 
thesized during the pupal stage accumulat- 
es tn adult. 
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A SPECIFIC METABOLIC PATHWAY FOR ALANINE 
ACCUMULATION FROM ARGININE COUPLED WITH 
GLYCOLYSIS, RELATED TO THE MATURATION OF 
THE SILKWORM SPERMATOZOA, 

M. Osanai, T. Aigaki, H. Kasuga and Y. 
Yonezawa. Dept... Of Billo eelolawo 
Metropolitan Inst. of Gerontol., Tokyo. 


In Bombyx mornri,) on  mMaiteeniqpeeemac 
secretions from various glands in the male 
sexual organ, which each contain many 
kinds of enzymes and their substrates, 
pass to the spermatophore, a reactor built 
inside of bursa copulatrix of the female. 
There they are mixed by the vigorous 
movement of apyrene spermatozoa, resulting 
in post-testicular maturation of eupyrene 
spermatozoa. In the spermatophore, Arg 
derived from proteins in the lacteal fluid 
and seminal fluid is hydrolyzed to urea 
and Orn by arginase derived from the 
vesicula seminalis. The Orn is then 
metabolized to Glu and further to Ala and 
aKG. The existence of this specialized 
energy supply device in the spermatophore 
was confirmed by demonstrating conversions 
of laveled G-1-P and pyruvate to Ala and 
release of carbon dioxide from labeled Orn 
and aKG: aKG is the main substrate for 
sperm respiration and is a promoter of 
pyruvate oxidation. Glycolysis also 
occurs in the spermatophore, as indicated 
by disappearance of glycogen granules. 
Thus eupyrene spermatozoa are liberated by 
rupture of their envelop and acquire 
mobility in the spermatophore. 
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MECHANISM OF FREE ARGININE SUPPLY DURING 
SPERMATOPHORE FORMATION OF THE SILKWORM, 


BOMBYX MORI. 


T. Aigaki, H. Kasuga and M. Osanai. 
Dept. of Biol., Tokyo Metropol. Inst. of 
Gerontol., Tokyo. 


A specific increase of free Arg was 
found at the beginning of the silkworm 
spermatophore formation. It was 
immediately converted into aKG, a major 
energy substrate for spermatozoa, via Orn 
and Glu. To analyse the mechanism for 
this free Arg-supply, the inclusions of 
four reproductive glands of the unmated 
male moth, which are mingled each other in 
spermatophore, were separately collected 
and incubated at 25°C. By the autolysis 
only glandula prostatica secretion 
increased the free Arg level, while no 
change occurred in the other secretions. 
Marked increase of Arg was observed when 
g. prostatica secretion was incubated with 
seminal fluid. Incubation of each gland 
with trypsin instead of g. prostatica 
secretion yielded free Lys as well as Arg. 
These results indicate that a considerable 
amount of Arg was liberated by hydrolysis 
of proteins secreted from the male glands. 
At least two proteinases act for the free 
Arg —productaroni: an endopeptidase 
localized in g. prostatica, probably 
cleaving specifically at Arg residues, and 
an exopeptidase mainly distributed to g. 
prostatica and vesicula seminalis. 
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PHOSPHORYLATION OF EGG SPECIFIC PROTEIN 
FROM THE SILKWORM,BOMBYX MORI. 

S.Y. Takahashi, Biological Institute, 
Faculty of Science,Nagoya Univ.Nagoya 464 


Three major 3@P-labeled proteins were de- 
tected in the silkworm ovary after labeling 
with? P-orthophosphate.These had been iden- 
tified as vitellin and egg specific protein 
(ESP) using specific antisera. ESP was pro- 
teolytically degraded during the isolation 
procedure.The degradation could not be blo- 
cked by thiol protease inhibitors such as 
E64 and pCMB.These were the strong inhibi- 
tors of ovarian proteases which had been 
reported previously(J. Biochem.90,665,1981) 
indicating that another proteases might be 
involved in the degradation of ESP.The me- 
thod has been developed for obtaining the 
70K subunits of ESP, which includes rapid 
precipitation with TCA,preparative electro- 
phoresis in the presence of SDS and elect- 
roelution of proteins from the gel. The yi- 
eld of protein and purity was satisfactory 
for the further analysis. 

The purified 32p labeled 70K subunit of 
ESP was cleaved with protease V8, and the 
resulting peptides were separated by high 
voltage electrophoresis and TLC.Six major 
phosphopeptides were detected by autoradio- 
graphy.Chemical phosphate determination 
showed 9 and 4 moles of phosphate per 70K 
and 55 K(degradation product of 70K ) sub- 
units, respectively. These data implied 
that multisites of ESP were phosphorylated 
post-translationally in the ovary. 


BI 7 


SPECIFITY OF VITELLIN BINDING ACTIVITY IN 
THE OOCYTE MEMBRANE OF LOCUST. 
K.Yamasaki. Dept. of Biol.,Fac.of Sci., 
Tokyo Metropolitan Univ., Tokyo 

The vitellin(Vn) uptake observed in iso- 
lated oocytes from Locusta migratoria is a 
typical receptor-mediated type of protein 
incorporation to the cells. Vitellin bind- 
ing(VB) activity in the membrane fraction 
from vitellogenic oocytes was studied in 
relation to the uptake process. Phase sep- 
aration method using sucrose solution was 
employed for rapid anayses of VB activity. 
VB activity was linear to the amount of 
membrane preparation upto 0.5 mg protein 
in this assay system. VBP-Vn complex was 
formed within 5 min. VB activity in the 
membrane was sensitive with heat treatment, 
the loss of half activity was observed at 
100°C, 10 min.. Dissociation constant for 
VBP-Vn complex was estimated from satura- 
tion curve as 22.2 mg/ml. This value is 
very close to Km of vitellin uptake process 
in isolated oocytes(10.8 mg/ml). VB activi- 
ties were also found in other tissue mem- 
brane fractions,however,those activities 
were less than vitellogenic oocyte. The 
membrane preparations from ovaries of some 
orthoptellan species,showed less activities 
than Locusta migratoria. So VB activity in 
vitellogenic oocyte membrane was specific 
for tissue,stage and species. These results 
suggests that the VBP found in the membrane 
from vitellogenic oocytes, is the receptor 
involved in the process of vitellogenin 
uptake. 
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SMALL ANGLE X-RAY SCATTERING STUDIES OF 
INSECT LIPOPHORIN AND VITELLOGENIN 
C.Katagiri*, M.Sato? and N.Tanaka >. 
*Biochem. Lab., Inst. of Low Temp. Sci., 
Hokkaido Univ., Sapporo, ? Fac. of Pharmac. 
Setsunan Univ., Hirakata and *Inst. for 
Protein Res., Osaka Univ., Suita. 


The structure of lipophorin and vitell- 
ogenin, the major lipoproteins in insect 
hemolymph, was investigated by small angle 
X-ray scattering. The scattering experi- 
ments of intact lipophorins showed the 
inhomogeneities of the electron density 
distribution within the spherical particle 
for lipophorins which contain hydrocar- 
bons, whereas no such inhomogeneities were 
observed for lipophorins which do not 
contain this lipid. The results confirm 
the structure of lipophorin particles 
which we previously proposed using several 
techniques including nuclear magnetic res- 
onance and differential scanning calo- 
rimetry;they are spherical particles with 
a hydrocarbon-rich core surrounded by a 
monolayer of apoproteins and phospholi- 
pids. The present paper also describes the 
structure of vitellogenin particles. Small 
angle X-ray scattering and electronmicros- 
copic studies revealed that vitellogenins 
of locust and Philosamia silkworm are 
prolate spherical particles (minor axis; 
12.5nm, major axis;15.0nm). 
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STRUCTURE OF ASPARAGINE-LINKED OLIGOSACCHA- 
RIDES IN LIPOPHORIN FROM LOCUSTA 
MIGRATORIA. 
E.K.Nagao and H.Chino. Biochem. Lab., Inst. 
of Low Temp. Sci., Hokkaido Univ., Sapporo. 
Lipophorin, a lipid-carrier protein, in 
insect hemolymph contains oligosaccha- 
rides(OS) that associate covalently with 
the apoprotein. We reported previously 
that there are six molecular species ( two 
major and four minor species ) of OSs link- 
ed with asparagine residue of the apo- 
protein. This study has been designed 
to further elucidate the structure of these 
OSs. For this purpose, we used colormetric 
methods, gas liquid chromatography, thin 
layer chromatography, enzymatic digestion, 
methylation analysis, and NMR. The result 
revealed that the six different OSs are 
all identified with high-mannose type, 
except for one major OS that contain 
glucose in addition to mannose. The 
following possible structure is proposed 
forthe two major OSs: 
Man1*2Man1° i 
pS aManlu, g g 
Manl>+2Man17 a,Manl 4G1cNAc1*4G1cNAc 
Man1?2Man1$2Man17 
Manl?2manl12 
a,Manls, 
Manl1$2Man1” a Man1%4G1cnac1$4G1cNAc 
3Man1$2Man142Man17 
a+ 
1Gic 
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ACTION OF ADIPOKINETIC HORMONE ON LIPOPHORIN IN 
LOCUSTS. 

H. Chino! and K. Takahashi*. limsttitute of Low 
Temperature Science and “Department of Animal 
Science, Hokkaido Uni., Sapporo. 


Insect lipophorin, a major hemolymph lipopro- 
tein, serves to transport various lipids including 
diacylglycerol (DG), hydrocarbons, cholesterol, 
and carotenoids between tissues. Locust adipo- 
kinetic hormone (AKH), a blocked decapeptide, is 
released from the corpora cardiaca during flight 
and stimulates the loading of DG by lipophorin 
from the fat body. 

This study has been designed to elucidate the 
mechanism by which the loading of DG is stimulated 
under the action of AKH. The injection of AKH re- 
sults in the formation of larger and lower density 
lipophorin particles with increased content of DG. 
The AKH injection also causes the association of 
low molecular weight (20,000) non-lipid-contain- 
ing protein, called apolipophorin III (apo-IIT), 
with lipophorin. About 8 moles apo-III associate 
with each mole lipophorin in response to AKH. 
These structural changes of lipophorin are com- 
pletely reversible, so that within 24 hr of in- 
jection of AKH the apo-III dissociates from lipo- 
phorin and the size and density return to the 
original valuses observed for resting locust. 

The above structural changes of lipophorin induced 
by AKH was observed only in vivo, and attempts to 
demonstrate such changes in vitro was unsuccess- 
ful. 
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ACTIVATION OF LACCASE-TYPE PRO-PHENOLOXIDASE 
IN THE CUTICLE OF INSECT. II. PROPERTIES OF 
ACTIVATED ENZYMES. 

H.I.Yamazaki. Biol. Lab., Atomi Gakuen 


Women's Univ., Saitama. 
a ee ee ee 
Laccase-type phenoloxidase seems to play 


a crucial role in sclerotization of insect 
cuticle. While the enzyme occurs as an 
inactive pro-enzyme in newly ecdysed pupae, 
it becomes active when sclerotization of 
the cuticle begins. Clarification of the 
activation mechanism is hampered by the 
fact that both the pro-enzyme and active 
enzyme exist as bound forms in the cuticle. 
However, it was found that a pro-enzyme 
preparation solubilized from the silkworm 
cuticle is activated by several proteases. 
As an attempt to elucidate the activation 
mechanism, limited proteolysis of the 
pro-enzyme was studied. Pepsin showed an 
activating capacity nearly comparable to 
that of trypsin. The activation was 
Suppressed by pepstatin, but not by 
leupeptin. Substrate specificity of the 
activated enzyme by pepsin was different 
from that of the enzyme activated by 
trypsin. The activated enzyme by pepsin was 
sensitive to thiourea, showing the property 
similar to tyrosinase. The properties of 
the active laccase found in the cuticle 
were very Similar to those of activated 
enzyme by trypsin. These results suggests 
that a natural activator(s) which might 
occur in the cuticle is a trypsin-like 
enzyme. 
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EVIDENCE FOR TWO ENTRY SITES FOR TRIGGERING 
PROPHENOLOXIDASE ACTIVATING SYSTEM IN 
PLASMA OF THE SILKWORM, Bombyx mori. 
M.Ochiai, H.Yoshida and M. Ashida. Biochen. 
Lab., The Institute of Low Temp. Sci., 


Hokkaido Univ., sapporo. 


It has been reported that peptidoglycan 
(PG) or B-1,3-glucan could trigger pro- 
phenoloxidase(proPO) activating system in 
plasma fraction of larval hemolymph of 
Silkworm. However, the mechanism remains 
to be studied. Lt is desirable seo mlcemlate 
the molecules with affinity to the above 
elicitors to advance our understanding on 
the proPO activating system. 

Curdlan beads (consisted of 8-1, 3-glucan 
) and Sepharose 4B coupled with PG (PG- 
Sepharose 4B) were adopted to isolate 
molecules having affinity with the 
elicitors from silkworm plasma. ProPO 
activating system of the plasma, which 
passed through curdlan beads column, could 
not be triggered by £-],3-glucan but by 
PG, whereas the system of plasma passed 
through a column of PG-Sepharose 4B was 
triggered by g-],3-glucan, but not by PG. 
This results indicate that curdlan beads 
column and PG-Sepharose 4B column would be 
useful to isolate molecules with affinity 
to the elicitors from silkworm plasma and 
that PG and 8~-1,3-glucan employ different 
molecules at the first step of proPO 
activating system. 
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ACTIVATION OF PROPHENOLOXIDASE IN HEMOCOEL 
OF SILKWORM LARVA WITH GRAM-NEGATIVE 
BACTERIA. 

H.Yoshida and M.Ashida. Biochem. Lab., 
Inst. of Low Temp. Sci., Hokkaido Univ., 
Sapporo. 


Peptidoglycan(PG) is an active principle 
in bacterial cell wall to trigger the acti- 
vation of prophenoloxidase (proPO) activating 
system in plasma fraction of the silkworm, 
Bombyx mori. Recently we reported that 
intact cells of Gram-negative bacteria such 
as Escherichia coli and Pseudomonas ovalis 
had little ability to cause activation of 
proPO in plasma of silkworm larva, whereas 
heat-killed or EDTA-treated Gram-negative 
bacteria had the ability. These facts seem 
to be consistent with each other, if we 
assume that molecules in plasma responsible 
for triggering proPO activating system may 
not be accessible to PG through outer- 
membrane of intact Gram-negative bacteria. 

Intact Gram-negative bacteria were 
injected into hemoceol of silkworm larvae 
to examine if the bacteria could trigger 
proPO activating system in the presence of 
hemocytes and other tissues. Activation of 
the proPO was hardly detectable under the 
experimental conditions. Considering that 
Gram-negative bacteria are known to be 
ingested into hemocytes as well as Gram- 
positive bacteria, this result appears to 
be important in evaluating the role of the 
proPO activating system in phagocytosis. 
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PREPARATION OF PROPHENOLOXIDASE ACTIVATING 
SYSTEM FREE OF SOME MAJOR PLASMA PROTEINS 
FROM SILKWORM PLASMA. 

M.Ashida, H.Yoshida and M.Ochiai. Biochem. 
Lab., The Institute of Low Temp. Sci., 
Hokkaido Univ., Sapporo. 

Storage proteins, lipophorin and pro- 
phenoloxidase in silkworm plasma sedimen- 
ted by centrifugation at 265,000g for 3hrs. 
The plasma fraction devoid of these 
proteins (sup II) could be triggered by 
zymosan or peptidoglycan to activate two 
serine enzymes (an enzyme capable of 
hydrolysing N-d-benzoyl-L-arginine ethyl 
ester and prophenoloxidase activating 
enzyme) from their precursor. Prophenol- 
Oxidase activating enzyme in sup II was 
shown to be a soluble enzyme, whereas the 
enzyme activated in plasma was insoluble. 

When sup II supplemented with pro- 
phenoloxidase and lipophorin was incubated 
with zymosan, lipophorin formed aggregates, 
which was not dissociable with SDS or urea. 
Phenoloxidase was shown to be responsible 
for the formation of the aggregates. 

Evidence was presented to show that 
phenoloxidase, lipophorin, prophenol- 
oxidase activating enzyme and some other 
proteins in silkworm plasma are likely to 
form complex aggregates when prophenol- 
oxidase activating system is triggered. 
Physiological significance of the 
formation of such aggregates was discussed. 
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BIOSYNTHESIS OF THE SEX-SPECIFIC STORAGE 
PROTEIN IN THE BOMBYX MORI SILKWORM 

S. izumi, H. Sakurai, T. Fujii, M. Toriyama 
and S. Tomino 


Dept. Biol. Tokyo Metropol. Univ. Tokyo 


A cDNA clone bearing the mRNA sequence 
for the sex-specific storage protein, 
referred to as "SP1" of B. mori, was iso- 
lated and the developmental and sex-depen- 
dent regulation of SPl expression was 
Studied by use of the SP1-cDNA probe. 

Northern-blot analysis indicated that 
the SPl-mRNA is detectable in considerable 
quantity in the fat body RNA of the mid- 
4th instar larvae of both sexes, whereas 
the amount of SPl-mRNA in the mid-5th 
instar larvae markedly increses in females 
but is almost negligible in males. During 
the 5th instar development of the female 
larvae, the quantity of SP1-mRNA well 
reflected the concentration of SPl in the 
hemolymph. These results suggest that the 
biosynthesis of SPl in the fat body is 
regulated in a stage- and sex-specific 
fashion at the level of transcription or 
post-transcriptional processing. 

The B. mori DNA library was constructed 
from the EcORI cut fragments of the fat 
body DNA. Two clones of SP1-DNA having 
distinct restriction sites were isolated 
from the library. The SPl1-mRNA sequence 
was detectable in the 3.5Kb BglII - Salli 
fragment located in the central region of 
the DNA clones. 
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BIOSYNTHESIS OF MAJOR PLASMA PROTEIN 
VARIANTS IN BOMBYX MORI 

S. Tomino, S. Mori, N. Sakai and S. Izumi 
Dept. Biol. Tokyo Metropol. Univ. Tokyo 


Structure and biosynthsis of major 
plasma proteins, referred to as "30K pro- 
teins", were compared among four B. mori 
strains by means of gel electrophoresis, 
immunoblotting and in vitro RNA transla- 
tion. In the Tenryu-Seihaku strain, all 
the 30K protein components were detectable 
in the hemolymph of the late 5th instar 
larvae as observed in the commercial 
Gumpo-Shugyoku strain, whereas Kaijo and 
Rosa lacked Component 2 and Component 4, 
respectively, from hemolymph. All the 
strains exhibited essentially identical 
pattern of the developmental change in the 
hemolymph concentration of 30K proteins. 
Translation of the fat body mRNA revealed 
that Kaijo synthesizes single primary 
translation product reactive with anti- 
Component 4 antibody, which is known to 
react with Component 2 as well as Component 
4. Despite the absence of Component 4 
from the hemolymph, however, the fat body 
mRNA from the Rosa larvae directed the 
synthesis of two components which cross- 
reacted with the same antibody. These 
results suggest that the absence of Compo- 
nent 2 from the Kaijo hemolymph could be 
brought about by the failure of mRNA 
synthesis, while the post-translational 
mechanisms might be involved in the loss 
of Component 4 in the Rosa hemolymph. 
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STUDIES ON EMBRYONIC DIAPAUSE IN THE PND 
MUTANT OF THE SILKWORM, BOMBYX MORI. 

I. PERIOD OF EXPRESSION OF THE PND* GENE. 
H. Sonobe, K. Maotani and H. Nakajima. 
Dept. of Biol., Konan Univ., Kobe. 


The pnd mutant of the silkworm,a single 
recessive mutation,has a defect as a result 
of which the embryos never enter diapause, 
even though the eggs have been exposed to 
diapause factor during oogenesis. However, 
the embryonic defect caused by the pnd 
mutation is repairable after fertilization 
by action of the paternal pnd* gene: the 
heterozygote can enter diapause. 

In order to examine the period of 
expression of the pnd* gene,oxygen uptake, 
carbohydrate metabolism and DNA synthesis in 
the recessive homozygote and heterozygote 
were analyzed throughout the early embryo- 
genesis. In the heterozygote the products 
of anaerobic metabolism increased concomi- 
tantly with the substantial decrease in 
oxygen uptake at 36 hr after oviposition, 
but in the homozygote they were scarcely 
detected. The rate of DNA synthesis 
increased gradually with development from 
24 hr after oviposition in the homozygote, 
but in the heterozygote it began to 
decrease significantly from 36 hr after 
oviposition. The dividing point of these 
biochemical changes between the two types 
of embryos was detected at 36-hr embryo, 
middle gastrula stage. This fact suggests 
that the paternal pnd* gene has already 
participated in a process controlling 
these biochemical events at that stage. 
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STUDIES ON EMBRYONIC DIAPAUSE IN THE PND 
MUTANT OF THE SILKWORM, BOMBYX MORI. 

II. IDENTIFICATION OF PND* GENE-SPECIFIC 
PROTEIN. 

H. Odake, Y. Yamagiwa and H. Sonobe. 
Dept. of Biol., Konan Univ., Kobe. 


As shown in previous presentation, the 
paternal pnd gene exerts its effect on the 
initiation of diapause metabolism at the 
gastrula stage. Therefore,it is expected 
that a pndt gene-specific protein can be 
detected in the heterozygote at that stage. 

In order to identify the pndt gene-specific 
protein, [35s]methionine labeled proteins 
in the heterozygote and homozygote for the 
pnd gene were analyzed by 2D gel electro- 
phoresis. At the middle-late gastrula stage 
the heterozygote synthesized eight proteins 
which are not detected in the homozygote. 
To examine the relationship between 
embryonic diapause and the appearance of 
the heterozygote specific proteins,the 
patterns of protein synthesized in the 
diapausing heterozygote were compared with 
those in heterozygote artificially altered 
to continue development by HCl-treatment. 
Only one of the eight heteroxygote-specific 
proteins was constitutively synthesized by 
the embryonic genome, irrespective of their 
developmental state. This finding strongly 
suggests that the unique protein, which had 
a M.W. of approximately 22,000,might result 
from the expression of the pnd“ gene, and 
the other seven proteins might be 
synthesized in parallel with diapause 
initiation in the heterozygote. 
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GENES IN AN INTRACELLULAR SYMBIONT EVOLVE 
MORE RAPIDLY THAN THOSE OF ITS HOST CELL. 
HH: lshikawae) Dept. Biol | (Golly gAntemG  Scai. 
Univ. Tokyo, Komaba, Meguro-ku, Tokyo. 


Among the aphid species, A. kondoi are the 
closest relative to A. pisum not only in 
appearance but also in their food sources. 
A close kinship of the two species was also 


demonstrated by the result of two-dimension- 


al separation of the whole body proteins. 
The 2D pattern of proteins of the one was 
hardly distinguishable from that of the 
other. In contrast with this, intracellular 
symbionts of the two aphid species, when 
incubated extracellularly, synthesized many 
different proteins. These results cannot be 
pausibly interpreted without quoting the 
Neutral Theory of molecular evolution. 
Since most of the symbiont proteins seen 
synthesized above are not produced intra- 
cellularly, they cannot be essential to 


either the host cell or the symbiont itself. 


The genes for such the unessential products 
must be neutral to Darwinian selection and 
thus be fully susceptible to mutation which 
must have occurred frequently to the 
Ssymbiont genome in the course of symbiosis. 

It 1s possible that such has been the 
frequency of mutation that most of the gene 
products of the two endosymbionts have di- 
verged so remotely from each other. 
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PROTEIN SYNTHESIS IN EMBRYONIC DEVELOPIENT 
OF CRICKET (Gryllus bimaculatus). 
C.Tateishi, T.Nakazawa. Dept. of Biology, 


Faculty of Science, Toho Univ., Funabashi. 


In our previous studies, the effect of 
cycloheximide on embryonic development of 
cricket in vivo was considerably decreased 
before blastderm stage. This result might 
be due to permeability change of egg 
surface during development. In order to 
examine a possibility of appearance cf 
stage-specific proteins, the activity of 
protein synthesis was determined with 
cell free system. Amino acid incorporation 
into proteins of embryo homogenates was 
detected ina higher extent at 20 h after 
oviposition than in the earlier and the 
later stages of embryos. The activity of 
protein sythesis was inhibited completely 
by both cycloheximide and actinomycin D. 
To elucidate mechanisms of changes in 
protein synthesis during uevelopment, 
activities of supernatants and pellets in 
egg homogenates after a high-speed cen- 
trifugation were tested with a cross 
change between supernatant and pellet 
fractions at different stages. ‘Though the 
activity was something influenced by the 
differece of supernatants used, the 
activity was mainly dependent on tne 
pellet fractions. These results indicate 
that the protein synthesis during 
development might be mainly due to the 
alterations in either mRNA or ribosomes. 
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RNA SYNTHESIS IN THE ISOLATED OOCYTES OF 
THE EARLY DEVELOPMENTAL STAGE IN XENOPUS. 
M. Amano, A. Kawahara and K. Sawada. Cell 
and Dev. Biol. Lab., Fac. of Integr. Arts 
and Sci., Univ. of Hiroshima. Hiroshima. 

The change of RNA synthesis was studied 
in the early developmental stages of Xeno- 
pus oocytes. The oocytes can be isolated 
by the collagenase treatment and classi- 
fied into four groups by their sizes from 
40 to 350 pm in diameter. The isolated 
oocytes were cultured in vitro with 603% 
of the L-15 medium. 

During 3 days of culture, there is no 
sign of abnormality in shape and no de- 
crease in RNA synthetic activity measured 
by the incorporation of 3H-uridine. After 
the 4th day of culture, the number of 
abnormality in shape was increased and 
RNA synthetic activity was decreased with 
time. The oocytes separated from follicle 
cells even after the 6th day of organ 
culture as the piece of ovary had no 
changes in shape and RNA synthesis. 

The synthesis of small molecular RNA, 
5S and 4S RNA was active in small oocytes 
of 40 to 150 pm in diameter. However, 
large oocytes of 250 to 350 pm synthe- 
sized only 20% of the maximum amount of 
newly synthesized small molecular RNA. 

On the other hand, 40S ribosomal pre- 
cursor RNA and 18S, 28S ribosomal RNAS 
were synthesized actively in large one. 
The RNA synthetic activities in 250 to 350 
pm oocytes were twice as much as that of 
40 to 80 pm oocytes. 


— 
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PHOSPHORYLATION OF CHROMATIN PROTEINS 
DURING EARLY DEVELOPMENT IN SEA URCHIN 
EMBRYOS. 

M.Motojima, S.Shinohara, and I.Yasumasu 
Dept. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo. 

The rate of protein phosphorylation in 
chromatin isolated from sea urchin 
embryos, exposed to Pi for 30 min at 

20 C, were estimated by P incorporation 
into chromatin proteins. Change of protein 
kinase activity, which was enhanced to 
3.3-hold by cAMP at concentration higher 
than 0.5pM, in isolated chromatin were 
guite similar in its profile to the change 
of in vivo protein phosphorylation rate in 
chromatin. The assay of protein kinase 
activity was carried out at pH 7.4, 25, 
using endogenous chromatin proteins as 
substrates. The assay system als9 
contained 50pM ATP including [y-22pP]aTP, 
the other substrate for this system 
(higher concentration than apparent Km 
value, which was 36M in chromatin). 
Phosphorylation rate of chromatin proteins 
in Pi exposed embryos and protein kinase 
activity in chromatin were high in early 
blastula and middle gastrula stage, low 

in morpya,;Swimming blastula and prism 
stage.~“P was highly incorporated into DNA 
and RNA of Pi exposed embryos, at stages 
at which the rate of protein phosphory- 
lation in chromatin was high. Phosphory- 
lation of chromatin proteins probably take 
a part in the regulations of chromatin 
functions during sea urchin development. 
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POLY (ADP-RIBOSYL) ATION OF CHROMOSOMAL 
PROTEINS IN SEA URCHIN EMBRYOS DURING 
EARLY DEVELOPMENT 

A.Kanai., M.Fujii., I.Yasumasu. Dept. of 
Biol., Sch. of Educ., Waseda Univ., Tokyo. 


40-radioactivity was found in proteins 

in chromatin fraction isolated from sea 
urchin embryos after 20 min incubation at 
18°C, pH 7.5 in the presence of [Ade- '4c]} - 
NAD. Poly(ADP-ribosyl)ation of chromatin 
proteins probably occurs due to the reac- 
tion catalyzed by ADP-ribosyltransferase. 

C-radioactivity in non-histone protein 
per yg DNA was high at 16-32-cell stage, 
and guite low at other stages. The radio- 
activity of non-histone and histone frac- 
tion per mg chromatin protein were not so 
changed during sea urchin development ex- 
cept the gustrula stage. In this stage, 
poly(ADP-ribosyl)ation rate per protein 
was relatively low. At post-gastrulation, 
poly (ADP-ribosyl)ation of histone fraction 
was markedly lower in its rate than that 
of non-histone protein fraction as com- 
pared with the rate at pre-gastrula stage. 
SDS-PAGE of histone fraction showed that 
core histones as well as histone Hl were 
poly (ADP-ribosyl)ated in sea urchin em- 
bryos. The biological function of poly- 
(ADP-ribosyl)ation may perticipate in gene 
expression and cellular differentiation, 
also in the development of sea urchin. 
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THERMODYNAMIC PARAMETERS OF THE a-DIKETO 
REDUCTASE ACTIVITY OF SEPIAPTERINE REDUCTASE. 
T. Sueoka and S. Katoh., Dept. of Biochem., 
Josai Dental Univ., Sakado. 

Sepiapterin reductase has been known 
to show a strict substrate specificity for 
the 6-lactoyl sidechain of 2-amino-4-hy- 
droxypteridines(pterins) to produce 6-dihy- 
droxypropyl sidechain of them in the bio- 
synthesis of tetrahydrobiopterin. Recently, 
however, we found a new activity as a NADPH 
dependent a-diketo reductase of sepiapterin 
reductase purified from erythrocytes and 
brain of rats. The enzyme could reduce many 
a-diketo compounds such as phenylpropanedi- 
one, benzyl and diacetyl with NADPH, and 
both of the diketo groups of the compound 
were finally sequentially reduced by the 
enzyme to hydroxyl groups. 

We examined various thermodynamic pa- 
rameters of the enzyme when l1-phenyl-1,2- 
propanedione was used as the substrate of 
adiketo compound to compare the enzyme re- 
action with sepiapterin as substrate. 
Resulting parameters such as standard free 
energy change(AG), standard enthalpy change 
(AH), standard entropy change(AS), activ- 
ation free energy(AG*), activation enthalpy 
(AH*) and activation entropy(AS*) showed 
that phenylpropanedione had almost same af- 
finity and more fitness to the enzyme with 
higher reaction velocity comparing with 
those of sepiapterin. The V & V/K-pH and 
pKe-1/T profiles proposed a histidine 
imidazol group at the active site on the 
enzyme for both substrates. 
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EFFECT OF REDUCING LEVEL OF 6-LACTOYLPTERINS 
ON THE REACTION OF SEPIAPTERIN REDUCTASE. 


S. Katoh and T. Sueoka., Dept. of Biochem, 
Josai Dental Univ., Sakado. 


In the metabolic pathway of BH, (tetra- 
hydrobiopterin), which is an important com- 
ponent for controling the concentration of 
catecholamines and indoleamines in the brain 
and other nerve tissues, sepiapterin reduc- 
tase (EC 1.1.1.153, SPR) has been consider- 
ed to play the role of the reversible catak 
ysis of sepiapterin(6-lactoyl-7,8-dihydro- 
pterin, SH.) with NADPH to dihydrobiopterin 
(6-1',2'-dihydroxypropyl-7,8-dihydropterin). 
During the past few years, however, reduced 
sepiapterin(6-lactoyl1-5,6,7,8-tetrahydro- 
pterin, SH4) becomes to be considered as the 
more important intermediate in BH4-synthesis. 

We prepared SH4 from SHz by the reduc- 
tion with NADPH and dihydrofolate reductase, 
and isolated it through column chromatogra- 
phies. 6-Lactoyl-pterin was prepared also 
from SHz by the oxidation with Hz02-cyto- 
chlome c. Michaelis constants of SPR against 
them were guite similar to that of sepia- 
pterin (SH2) which was previously reported. 
On the other hand, maximal velocities of 
them were different from the value of SH32. 
The values increased according to the inc- 
reasing level of the oxidation of the pte- 
ridine ring. SH, was found to be actually 
catalyzable by apr although its maximal 
velocity was only one-tenth of that of SH.. 
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PTERIDINE METABOLISM AND PHENOTYPIC EXPRESSION IN 
GOLDFISH ERYTHROPHOROMA CELLS IN VITRO 

M.Masada', T. Akiyama?, J.Matsumoto? and M.Akino% 
IDept. Biol., Tokyo Metropol. Univ., Tokyo; 2 Dept. 


Biol., Keio Univ., Yokohama; 3Kogakuin Univ., Tokyo 


The capability of erythrophoroma cells 
for synthesis and intracellular storage of 
pteridines was examined in relation to ex- 
pression of pigmentary phenotypes. For this 
purpose, the quality and quantity of pteri- 
dines present in cells and culture mediun, 
and the activities of GTP-cyclohydrolase I, 
dyspropterin synthetase and dyspropterin 
reductase inthe cells were determined using 
three cell lines(GEM 81, 199 and 218) and 
their clones exhibiting different pigmentary 
characters under chemical induction such as 
stemcell type, yellow-pigmented and melano- 
genic clones. The results obtained indicated 
that (1) the total amounts of synthesized 
pteridines andthe activities of these three 
enzymes varied depending uponcell lines and 
clones, (2) pteridine-synthesizing capacities 
in term of per a cell are low in stem cell 
type clones, extremely high in yellow- 
pigmented and either low or extremely high 
in melanogenic, (3) the total amounts of syn- 
thesized pteridines are proportional to the 
activities of three enzymes responsible for 
pteridine synthesis, and (4) vast majority 
of synthesized pteridines was accumulated 
inside the cells in melanogenic clones while 
intracellular storage of pteridines and 
their excretion into the medium were 
equilibrated in yellow-pigmented. 
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PARALLEL-DIFFERENT AXES THEORY FOR THE 
DOUBLE HELIX OF THE DNA MOLECULAR MODEL. 
T.Tomidokoro. Takasaki municipal girls' 
hig school, Takasaki. 


Fundamental structure of this DNA mole- 
cular model is stringed along with Watson- 
Crick theory which concluded that the DNA 
molecule consists of two strands twisted 
about one another in the form of the heli- 
eal Clpzningo . iiuie I Waline EO joUle se@icweles! é! 
radically different structure for the 
double helix of deoxyribose nucleic acid 
(DNA). Nanely, this structure has _ two 
helical chains and each does not coil 
round the same axis but the different- 
Patalel axis, and this inpracticaly DNA 
ladda can separate very easily into each 
of strands without tangling each other. 
The DNA-strands are made of the phosphate 
and deoxyribose portions of nucleotides, 
and the two strands are held together by 
the adenine and thymine bases or _ the 
guanine and cytosine bases. The angle of 
the helical-pitchies of the DNA-strand 
are repeated by a steep gradient and an 
easy grade. In each of the two strands, 
the hands of the chemicalbond from each 
of the hydrogenbonded bases to the deoxy- 
ribose turn to the reverse directions, 
therefore, each of the double helical 
chains goes in the reverse directions, 
The DNA-ladda is very flexible. 
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TIME OF DNA SYNTHESIS IN THE REGENERATING 
RAT LIVER IN RELATION TO PHOSPHORYLATION 
OF HISTONE Hl. 

K.Asami. Division of Biology, National 
Institute of Radiological Sciences, Chiba. 


Phosphorylation of histone Hl and the 
HMG 14 protein occurs in the regenerating 
rat liver between 21 and 24 h after 
partial hepatecomy. To know the relation- 
ship of this phosphorylation to the DNA 
synthesis, the DNA synthesis was measured 
in several ways. The DNA content of the 
liver  iancreased “from” 24) Sto 30 nectar 
hepatectomy. The incorporation of [ 3H] thy- 
midine into the hot trichloroacetic acid- 
soluble fraction of the nucitlei started 
increasing at 21 h and reached a maximum 
at 27 h after the hepatectomy. Changes in 
the DNA content was also measured cytofluo- 
rometrically on the isolated nuclei. The 
fraction of the nuclei in the S phase 
increased with a similar time course to 
the [*H]thymidine incorporation. However, 
the maximal value of the S phase was about 
5 % each of the total fox they Zn to wAneand 
the 4n to 8n nuclei, respectively. Thus, 
phosphorylation ~of) histone) Vii ancessiene 
start of DNA synthesis started at about 
the same time, and both processes were 
inhibited with 4.8 Gy of X-rays, while 
phosphorylation of HMG 14 and the increase 
in the nuclear” volume loceummingmataeac 
same time with the histone Hl phosphoryla- 
tion was not inhibited with X-rays. 
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SMALL NUCLEAR RNA-PROTEIN COMPLEXES (SNRNPS) 
FROM MOUSE TERATOCARG INOMA CELLS. 

W.Matsuda , T.Nomura and T.Kameyama . 
Lab.Mol.Biol.,Azabu Univ.,Sagamihara, 
Dep.Mol.Biol.,Kanazawa Univ. ,Kanazawa. 


Undifferentiated embryonal teratocarci- 
noma cells are considered a good experimen- 
tal material for analysis of the molecular 
mechanism regulating gene expression in 
differentiation. A study was made of the 
snRNAS and snRNPs from mouse embryonal 
teratocarcinoma cells, which may play es- 
sential roles in the processes of gene reg- 
ulation. 

Here, we report the isolation and char- 
acterization of U-snRNPs of embryoid bodies, 
OTT6050, and F9 cells of a nullipotent cell 
line, using immunochemical and biochemical 
procedures. 

The proportion of Ula to Ulb-snRNP was 
found to increase from 3 to 5 times in 
embryoid body cell nuclei, when Ul-snRNP 
was purified immunochemically and biochem- 
ically. This profile of Ula-snRNP predomi- 
nance in Ul-snRNP populations was also re- 
produced in F9 cells, cloned from embryoid 
body OTT6050, but not in the two male mice 
liver nuclei, 129/sv and ICR. 

Four major and some minor polypeptides 
of molecular weight from 68,000 to 8,500 
were detected with silver staining, as the 
protein components of Ul-snRNP(s) in F9 
cells. 
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CHANGES OF DNA POLYMERASE CONTENT IN CHRO- 
MATIN DURING RAT LIVER REGENERATION. 

T. Yoshikawa, H. Shimada and T. Shiroya. 
Za00.eanst., Fac. of Sci., Univ. Tokyo, 
Tokyo. 


In an attempt to elucidate the mode of 
formation of chromatin structure in 
proliferating cells, we previously found 
that DNA polymerase g, one of non-histone 
proteins, seems to be evenly distributed 
along the length of rat liver chromatin, 
and that the activity of DNA polymerase 3 
in the nascent chromatin regions decreases 
markedly during rat liver regeneration, 
and then it returned to the normal level 
49hr after partial hepatectomy. 

In the present study, we found that the 
decrease in the DNA polymeraseg activity 
in the nascent chromatin is due to the net 
degrease in the enzyme content in this 
chromatin region. There found no 
Significant difference in the Nacl- 
extractability of the enzyme between the 
nascent and bulk chromatin. These results 
support our hypothesis that the shuttling 
of DNA polymerase@ occurs in between the 
nascent and bulk chromatin regions during 
cell proliferation. Electrophoretic study 
showed that 31K-non-histone protein also 
behaves in the similar as DNA polymerase 3 
during rat liver regeneration. 
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DEVELOPMENTAL CHANGES OF 2,3 -CYCLIC NUCLE- 
OTIDE 3 -PHOSPHODIESTERASE IN THE ORGANOTY- 
PIC CULTURE OF NEWBORN MOUSE CEREBELLUM. 
D.Satomi. Dept. of Biol., Coll. of Arts and 
Neie, Univ. Of Tokyo, Tokyo. 


The quantitative changes of 2,3 -cyclic 
nucleotide 3 -phosphodiesterase(CNP), a ma- 
rker enzyme of myelin, during early develo- 
pmental stages in the organotypic culture 
of newborn mouse cerebellum were examined 
using an HPLC technique. Explants were inc- 
ubated for 4 weeks under standard conditio- 
ns. Until 8 day in vitro(8 DIV) the level 
of CNP activity was low, 2.7 umol/h/mg pro- 
tein(2 DIV). From 8 DIV to 22 DIV the acti- 
vity increased rapidly from 12.6 umol/h/mg 
protein to 70.6 umol/h/mg protein. The per- 
iod of rapid increase of CNP is correlated 
with the onset of myelination in vitro. 

On considering together these results w- 
ith previous results concerning neurotrans- 
mitters(acetylcholine, GABA) and galactoli- 
pids, it became clear that in the organoty- 
pic culture of newborn mouse cerebellum bi- 
ochemical changes of neurotransmitters, ce- 
rebrosides and CNP progress in parallel to 
morphological development(synapse formation, 
myelination) in the nearly same manner as 
in vivo. 
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CRYPTIC-TO-OPEN OF HEPARIN-BINDING SITE 
OF VITRONECTIN (SERUM SPREADING FACTOR). 
M. Hayashi!. T. Akamal+2, I. Kono2 and 
H. Kashiwagi2. ‘Dep. of Biol.. 
Ochanomizu Univ.. Tokyo and 2Inst. of 
Clin. Med.. Univ. of Tsukuba, Ibaraki. 


Vitronectin (serum spreading factor). a 
cell-adhesive glycoprotein present in 
mammalian serum. has previously been the 
subject of conflicting reports concern- 
ing its binding to heparin. Vitronectin 
purified from human plasma does not bind 
to heparin under physiological condi- 
tions. but it does so after treatment 
with denaturing agents including 8 M 
urea or 6 M guanidine-HCl. or heating at 
100°C for 5 min. These treatments seem 
to expose a heparin-binding site in 
vitronectin; this finding thus resolves 
the conflicts concerning this function. 
Major part of this work will be publish- 
ed in J. Biochem. 98, 1135-1138 (1985). 
(Supported by grants-in-aid to M.H. from 
the Ministry of Education. Science and 
Culture of Japan.) 


sie, 


A GROWTH-INHIBITING FACTOR ADHERING TO RAT 
HAIRS. 

H. Namiki*, H. Ogata, N. Koga and S. 
Kusunoka. “Dept. Of Biol., Sch. of Eau., 
Waseda Univ., Life Sci. Lab., Advance Co., 
Leas; LOKVOs 


Animals such as cats or rats 
frequently lick their bodies, suggesting 
the existance of some biological 
activities on the surface of their bodies. 
We recently demonstrated that the wash 
water of rat hairs (water in which sheared 
rat hairs had been stirred for 24 hrs) 
contained a cell-growth promoting factor 
(SDGF, i.e. skin derived growth factor: 
MW<500), stimulating the growth of 
diploid human dermal fibroblasts or 
diploid rat dermal fibroblasts. In the 
process of its purification, we found a 
cell-growth inhibiting factor(SDIF) ina 
fraction of gel filtration column 
chromatography. Purified SDIF 
significantly inhibits growth of several 
kinds of fibroblasts. Analyses of its 
chemical and physical nature show that it 
is soluble in water, dimethyl sulfoxide or 
acetonitrile, insoluble in other organic 
solvents examined, stable to heat or pH 
shock, and resistant to a bacterial 
protease. 
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EFFECT OF CARBOHYDRATE CHAIN STRUCTURE ON 
GROWTH PROMOTING ACTIVITY OF TRANSFERRIN 
AND ITS RELATION TO SPECIFICITY. 

I.Kimura, A.Shoji and E.Ozawa. Div. of Cell 
Biol., Natl. Center for Nervous, Mental and 
Muscular Disorders, Tokyo 


Transferrin(Tf) exhibits its growth pro- 
moting activity as an Fe-donor in class- 
specific fashion via receptor-mediated 
endocytosis. To further study this specifi- 
city, we purified some sorts of chick and 
rat Tfs which differ in the terminal struc- 
ture of carbohydrate chain(chick Tfs:2 Neu- 
bearing Tf£(T£2),1 Nev-bearing Tf(Tf1) ,Neu- 
free T£(T£O) ,Neu- and Gal-free ovoTf (OTF) ; 
rat Tfs:sialoTf(RTf) ,asialoTf (RT£0) ;T£1,T£0 
and RT£0 were derived from neuraminidase- 
treated Tf2 and RTf) and compared their 
activity for chick and rat cells. 

Tfs exhibited the same activity for spe- 
cies-homologous cells:they were promoting 
at 1-3ug/ml. However, rat Tfs were inert 
for chick cells up to lmg/ml. On the other 
hand, chick Tfs were promoting for rat 
cells at 0.1l-lmg/ml, the activity being 
dependent on the terminal structure of the 
carbohydrate chains (OTf>T£O>T£E1LST£F2) . 
Interestingly, the growth of rat cells were 
much more promoted by OTf than rat Tfs at 
the high concentration(>lmg/ml). 

These results suggest that rat cells can 
uptake the class-heterologous asialoagalac-— 
toT£ via lectin-mediated endocytosis and 
that this Tf acts not only as an Fe-donor 
but a mitogen-like substance. 
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COMPOSITION OF LAMPREY SERUM 

Y.Yazawa, Dept. of Nutritional Physiol. 
Hokkaido Univ. of Education at Asahikawa, 
Asahikawa, Hokkaido. 

Lampreys have increasingly become the 
object of biolgical research, largely 
because they are the sole extant represen- 
tatives of the most primitive vertebrates. 
We determined quantitatively composition 
of lamprey serum and compared with that of 
normal adult human serum. Inorganic ions, 
glucose, creatinine, lipids, and total pr- 
otein were not so different between lampr- 
ey and human serum, Albumin content of la- 
mprey serum was about 1/2 with that of 
human serum, Enzymatic activity (GOT, GPT, 
LDH, and ALP) of lamprey serum was about 
8-125 times as high as that of human serum 
except x-amylase activity. Only <-amylase 
activity of lamprey serum was about 1/16 
with that of human serum. Enzymatic activ- 
ity of lamprey organ (heart and liver) was 


much higher than that of human organ, 
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ISOELECTRIC POINT OF EGG PROTEINS OF 
Oryzias latipes. 


Y. Ohi, Biol. Labo., College of General 
Educa., Nagoya Univ., Nagoya. 


By means of isoelectric focusing, stored 
proteins of Ofyzias egg were separated 
into sixteen bands (a-p), and the isoele- 
ctric point of each was estimated. 


a: 4.62, b: 4.68, c: 4.72, d: 4.75, 
e: 4.77, £: 4.80, g: 4.838, h: 4.9107 
1s _5...00),.09'%. 5 05),, keeeSe els eel oe 
We eaouOF tie Je/0n OS 7e7/0, jos B50, 


In comparison with the six protein fracti- 
ons separated by thin-layer gel filtration 
in the previous study, the protein bands 
identified. 


a,b and c: largest fraction in molecular 
weight; d,e, f and g: phosphoglycoprote- 
in; h,i and j: phospholipoprotein I; m 
and n: phospholipoprotein II; o: smallest 
fraction in molecular weight; p: glyco- 
protein. 


In conclusion, it is considered that 
stored protein system of Otyzias egg is 
composed of several protein fractions,and 
some of fractions consist of two or three 
polymorphic or microheterogeneic proteins. 
Are these polymorphic proteins expressed 
in all eggs? Is the existence of protein 
microheterogeneity caused by the genetic 
heterogeneity of the materials? Answer to 
these questions remains unsettled. 
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PURIFICATION OF GONAD-STIMULATING 
SUBSTANCE IN STARFISH. 
H.Shirait, P.Bulet!, H.Kanatani! , N.Kondo?, 
K.Imai®, M.Isobe*, T.GotoZand I.Kubota?. 
lLab. of Reprod. Biol., Natl. Inst. for 
Basic Biol., Okazaki, *Lab. of Organic 
Chem., Fac. of Agr., Nagoya Univ., Nagoya 
and 3Lab. of Genetic Tech. ,” Sunitoimyaeunistee 
for Biomed. Res., Oosaka. 
' Gonad=stimulating substance (GSS), a 
peptidal hormone, the agent inducing spawn- 
ing in ripe animals, causes follicle cells 
to produce maturation-inducing substance ( 
MIS=l-methyladenine, 1-MeAde), which is the 
agent that directly causes oocytes stored 
within ovaries to resume meiotic maturation. 
GSS shows species specificity, Asterina GSS 
stimulates 1-MeAde production in Asterias 
follicle cells, but Asterias GSS can not do 
it on Asterina follicle cells. Basic and 
quick procedure of GSS purification has 
been established based on properties of 
molecular weight, electrical charge, and 
polarity of the GSS molecules. Since 
several versions of GSS from one species 
were obtained, nomenclature has been 
established. In Asterias amurensis, GSS 
Aam 1, 2, and so on were obtained, where 
"A" comes from the first letter of the 
genus name, and "am" comes from the first 
two letters of the species name. Amino 
acid sequence of GSS Aam 1 is Ala-Glu-Lys- 
~O-Val-O-Met-©-Phe (Ser) -Tyr-C)-Ala-Val-Val- 
from N-terminal. 

Supported by the Grant-in-Aid of the 
Ministry of Education and Science of Japan. 
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EFFECT OF CASTRATION AND HYPOPHYSECTOMY 
ON THE COMPENSATORY HYPERTROPHY IN RAT 
SKELETAL, MUSCLE. 

S.Yamada’ and S.Tomino 

1)Coll. Arts and Sci. Univ. Tokyo, Tokyo 
2)Dept. Biol. Tokyo Metropol. Uni, Tokyo 


Compensatory hypertrophy in rat skele- 
tal muscle accompanies accumulation of 
albumin in muscle cells. In the albumin- 
deficient rat(NAR), the work-induced muscle 
hypertrophy is hardly observed nor the 
increase in concentration of muscle albimin, 
suggesting the possible contribution of 
muscle albumin on the work-induced muscle 
hypertrophy. It was argued, however, that 
the lowered inborn level of testosterone 
and growth hormone might also cause these 
effects in NAR. Thus, the experiments were 
undertaken to examine the effect of castra- 
tion and hypophysectomy on the muscle hyper- 
trophy using normal rats. Following castra- 
tion and hypophysectomy, the serum level of 
testosterone and growth hormone markedly 
declined as compared to those of control 
animals without affecting the work induced 
muscle hypertrophy. The results imply that 
these hormones are not essential for the 
work-induced muscle hypertrophy. 
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PARAMECIUM MYOGLOBIN (I) ISOLATION AND 
CHARACTERIZATION 

K. YUSA and K. SHIKAMA. Brows, ils tes 
Tohoku Univ., Sendai. 


Oxymyoglobin was isolated directly from 
Paramecium caudatum ( syngen 3, stock StG1 
) as follows: the packed cells ( 300 ml ), 
harvested from mass culture, were homoge- 
nized with 3 vol. of 50 mM Tris-HCl buffer 
containing 1 mM DIFP and 0.5 mM EDTA, 
using a Teflon-glass homogenizer. The 
extract was fractionated with ammonium 
sulfate between 50 and 100 % saturation, 
and the crude myoglobin was then dialyzed 
and passed through a Sephadex G-50 column. 
The essential step was the chromato- 
graphic separation of major oxymyoglobin 
({ MbO, ) from its corresponding met- 
myoglobin ( metMb ) on a DEAE-cellulose 
column with 20 mM Tris-HCl buffer at pH 
7.4. 

Using this native preparation, the 
stability property of Paramecium oxy- 
myoglobin was examined over the range of 
PH 4-12 at 25°C and compared with that of 
the mammalian MbO>. The rate of autoxida- 
tion of MbO> to metMb increases rapidly 
with increasing hydrogen ion concentra- 
tion with the pH dependence similar to 
those of the mammalian oxymyoglobins. At 
the basic side of pH >» 10, however, the 
spectrum of metMb formed was unusual and 
there does also appear an usual increase 
in the autoxidation rate. 
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DEGRADATION OF SPERM HISTONES INDUCED BY 
EGG JELLY. 
T. Amano! and M. Hoshi2 1.Dept. Biol., Fac. 
Sci., Nagoya Univ., Nagoya, 2.Dept. Biol. 
During the course of male pronuclear for- 
mation, sperm histones, most eminently Hl, 
were replaced by egg-type histones in sea 
urchin. A metaloprotease supposedly respon- 
sible for the degradation of sperm HI and 
other histones was recently isolated from 
sea urchin sperm. Since the acrosome reac- 
tion is accompanied with significant changes 
of intracellular milieux, we have anticipat- 
ed that it may also trigger an event which 
eventually results in the nuclear changes. 
To test this hypothesis, we examined whether 
the egg jelly induced degradation of sperm 
histones in the starfish, A. pectinifera. 
Degradation of histones in jelly-treated 
sperm was clearly shown by using of SDS- 
PAGE. Induction by egg jelly of histone deg- 
radation was Ca** dependent, whereas a HI 
hydrolyzing shade in the sperm extract 
did not require Ca**, Degradation of HI was 
also induced by detergents and by the iono- 
phores, Nigericin and Monensin. Calcium 
ionophore A 23187 did not induce HI degra- 
dation in normal seawater, but it did induce 
the degradation in Ca**-enriched seawater. 
The capacity of the egg jelly to induce 
histone degradation was heat-stable and ap- 
peared to be diffusible through a dialyzing 
membrane. This suggests that histone degra- 
dation is not induced by the acrosome 
reaction-inducing substance(s) in the jelly. 
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PURIFICATION AND CHARACTERIZATION OF CO- 
ARIS IN THE EGG JELLY OF THE STARFISH, 

ASTERIAS AMURENSIS. 

I.Nishiyama!, T.Matsui!, M.Hoshi?, Y.Fujimoto* and 
N.Ikekawa*. ‘Fac. of Sci., Nagoya Univ., Nagoya, 
Fac. of Sci., Tokyo Inst. of Technol., Tokyo. 


The acrosome reaction is prerequisite to fertilization. 
This reaction is induced with the following components 
in the egg jelly of a starfish, Asterias amurensis ; a 
sulfated glycoprotein(ARIS) and a small organic mole- 
cule(s)(Co-ARIS). We found that Co-ARIS is not a single 
chemical entity but a series of similar molecules. The 
major two of them were purified by successive reversed- 
phase chromatographies and preparative thin-layer 
chromatography, and were designated Co-ARIS I and 
Co-ARIS II. In the presence of ARIS, either of the 
Co-ARIS’ induced the acrosome reaction in a con- 
centration-dependent manner with the half-maximal 
concentrations of 90yug/ml (1) and 25yg/ml (Il). The 
effects of Co-ARIS I and Il were additive. 

Chemical analyses and spectrometries revealed that 
Co-ARIS’ are steroidal saponins which comprise fucose, 
quinovose, sulfate and steroid. Sulfate moiety seems 
to play an important role in inducing the acrosome 
reaction, since solvolytic desulfation of the Co-ARIS’ 
in dioxan destroyed their activities. The major steroid 
obtained by acid hydrolysis of Co-ARIS | was identified 
as 38-6a-dihydroxy-5Sa-pregn-9(11)-en-20-one by mass- 
spectrometry. Structural analysis of the Co-ARIS’ is 
now under investigation. 


Supported in part by grants from the Ministry of 
Education, Science and Culture, Japan and Yamada 
Science Foundation. 


914 Biochemistry 


BI 42 


ALLOMETRIC CORRELATION OF RENAL SULFATI- 
DES IN MESIC AND MARINE MAMMALS. 

K. Nagai and I. Ishizuka. Dept. Biochem., Teikyo 
Univ. Sch. Med., Tokyo. 

Sulfoglycolipids (SGL) are acidic glycolipids with 
sulfate groups and are concentrated on the luminal 
membrane of epithelial cells of tissues specialized in 
ion transport. The amounts of SGL in duck salt 
gland and cultured renal tubular cells ete. have 
been shown to depend on the ion concentration. In 
this study, we compared the concentration of renal 
glycolipid-bound sulfate (GLS) between the marine 
mammal (4 species) and the terrestrial mesic mammal 
(5 species) with a wide range of body weight (0.04- 
650 kg) by using the allometric equation (W. A. 
Calder, in "Size, Function and Life History", Har- 
vard Univ. Press, 1984). Among mesic mammals, a 
linear inverse correlation was obtained between the 
logarithm of the concentration of renal GLS (Y, GLS 
umol/g tissue) and the log of body weight (X, kg): 
log Y = log 0.20 - 0.124log X (r=0.995). This 
means that the concentration of renal GSL of the 
mesic mammals are exactly regulated on the basis of 
body weight. This equation could, for the first 
time, quantitatively correlate the amount of glyco- 
lipid of various species in the biosphere with other 
biological parameters. On the other hand, the con- 
centration of renal GLS of all marine mammals were 
significantly higher than the line obtained above 
(1.23 - 3.12 times). These results suggest that 
the amount of renal GLS required to maintain the 
osmotic balance of body fluid of marine mammals 
must be higher than that of mesic one, strongly 
indicating for the participation of GLS in urine 
concentrating processes. 

Nagai, K. et al., J. Biochem. 98, 545 (1985). 
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CHANGES IN LIPID COMPOSITION DURING META- 
MORPHOSIS IN RANA CATESBETANA. 

M. Ryuzaki. Dept of Biol., Kitasato Univ. 
School of Medicine, Sagamihara. 

The lipid composition of Rana catesbeiana 
tadpole tails at Taylor and Kollros stage ( 
TK) V, X, XX, XXI and XXII-XXIII was analy- 
zed in order to clarify its relationship to 
metamorphosis. Total lipid was extracted by 
the method o£ Hollichvet val) (954) 4) tndavadual: 
neutral lipids and phospholipids were sepa- 
rated by one dimensional TLC. The amount of 
each phospholipid, triglyceride (TG), cho- 
lesterol and cholesterol ester, and free 
fatty acid (FFA) was determined by the me- 
thod of Bartlett("59), Snyder and Stephens 
('59), Zak-Henly('57) and Laurell and Tibb- 
ling('66), respectivelly. The weight per- 
centage of total neutral lipid to total 
lipid (TL) was about 33% at TK V and X and 
increased gradually until about 702 at TK 
AKER, chat Of total phospholipid to 
TL was about 66% at TK V and X and decre- 
ased gradually until about 28% at TK XXII- 
XXIII. FFA and TG to TL were about 12-15% 
and 4% at TK V and X and increased gradual- 
sy (eiieslll eleeune Sys eimyel ISR aie WK SOK U—LOKICICIL , 
respectivelly. The other neutral lipid and 
phospholipid amounts to TL did not signifi- 
cantly change during metamorphosis. The ac- 
companying increase in the percentage of 
total neutral lipid was due primarily to 
the increased of FFA and TG during metamor- 
phosis. The results are discussed in rela- 
tion to the possible roles of different 
lipids during metamorphosis. 
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SOME PROPERTIES OF L-GLUTAMATE DEHYDRO- 
GENASE FROM GILLS OF THE BRACKISH-WATER 
BIVALVE CORBICULA JAPONICA. 

Y.S.Hayashi, E.Hashimoto and 
O.Matsushima Zool. Inst., Fac. of Sci., 
Hiroshima Univ., Hiroshima. 


Three tissues (gills, mantle and foot) 
of the nine bivalve species including 
marine, brackish- and fresh-water species 
were examined for the activity of L-gluta- 
mate dehydrogenase (GluDH). GluDH was 
partially purified from gillsior ienewomack= 
ish-water clam Corbicula japonica which 
showed the highest enzyme activity among 
tissues of the nine species, and its enzy- 
mological properties were investigated. 
The activity in the L-glutamate-forming 
direction was about nine times higher 
than that in the reverse (ammonia-forming) 
direction. However, apparent Km value 
for ammonia (31 mM) was much higher than 
the tissue level of ammonia (0.67 umoles/g 
wet gill tissue). On the other hand, 
the tissue concentration of L-glutamate 
(3.43 umoles/g wet gill tissue) exceeded 
the apparent Km value for L-glutamate 
(1.6 mM). Therefore, the gill GluDH of 
C. japonica seems to operate effectively 
in ammonia formation (L-glutamate deami- 
nation) rather than in L-glutamate forma- 
tion, though the activity an ehasmdmeceteren 
was low and the in vivo redox balance 
(NADH/NAD) was not determined. 
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A METALLOPROTEASE OF SEA URCHIN SPERM. 
Y.Taniguchi,K.Akasaka,H.Shimada and T.Shiroya. 
Zool.Inst.,Fac.of Sci.,Univ.of Tokyo, Tokyo. 

Previously we reported the presence of a unique 
protease in the sperm of A.crassispina. This prote- 
ase is a metalloprotease which requires Zn for 
full activity, and its activity is inhibited by o- 
phenanthroline. This protease more preferentially 
degrades histone H1 than core histones, casein and 
BSA, and hydrolyzes only Boc-—Val—Leu-—Lys—MCA among 
various peptidyl-MCA substrates. In the present 
study, we confirmed the presence of similar prote— 
ase in the sperm of H.pulcherrimus, and investigated 
the localization, the mechanism of activation and 
the possible role of this enzyme. Upon exposing th MK 
sperm to sea water containing egg jelly or 30mM Ca , 
at least two different proteases were released from 
it. One protease was a serine protease of trypsin-— 
type, and another was similar to the metalloprotease 
we already found in A.crassispina sperm. This result 
suggests the acrosomal localization of both prote— 
ases. The serine protease seems to be involved in 
the activation of the metalloprotease. The fertili- 
zation of sea urchin was inhibited by o-phenanthro- 
line, but the inhibition could be partially canceled 
by the addition of Zn. Thus, the metalloprotease 
seems to play some role in the establishment of sea 
urchin fertilization. 
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GUANYLATE CYCLASE FROM ARTHROPODS, 
PROCAMBARUS CLARKI AND BOMBYX MORI TISSUES 
Tt. Ohoka, Dept. of Biol.,Fac. of Sci., 
Tokyo Metropol. Univ., Tokyo 


Enzymatic properties of guanylate cyclase 
from various tissues of arthropods, Procam- 
barus and Bombyx were examined and compared 
to that of Orconectes and others. High 
activities were found in gut, nerve and eye 
stalks of Procambarus and Bombyx ovary. 
Most part of the guanylate cyclase activi- 
ties were found to be membrane-bound, and 
easily slubilized and activated several 
fold by Triton X 100. 


Mn**was found to be a potent activator, and 
in the presence of 1% Triton, Procambarus 
gut and Bombyx ovary enzyme was activated 
slightly by Cot+, zn*t and ca*+t. 

Filtration of the enzyme preparation on AcA 
34 gel revealed that the activity was com- 
pletely excluded,suggesting the aggregate 
nature of the enzyme, which dissociates to 
lower molecular weight components in pre- 
sence of Triton X 100. Inactivation of 

the activity during the incubation was con- 
Siderably prevented after gel filtration, 
the fact suggests the presence of an in- 
activating factor in most of tissue extra- 
extracts. 
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TWO TYPES OF THE ACTIN DEGRADING 


ENZYMES IN THE TAIL OF METAMORPHOSING 
TADPOLES. 1 5 
‘ Motobayashi and 2k- Yoshizato 
Dept. of Biochem. and Develop. Biol. 
Bone. Of Plastic Surg-, Sch. of 


Med., Kitasato She WATS Kanagawa. 

The tal fe) metamorphosing tadpoles 
of bullfrog, Rana catesbeiana, contains 
thiolendoproteinase which preferentially 
Gegrades actin. The crude extract from 
the regressing tail contained two 
actin-degrading activities which could 
be separable on a column of Sephadex 
G-100. One had a molecular weight of 
70k and the other 26k. Purification 


and characterization of the enzyme 
with 26kDa had been published. In the 
present study, charahterization of the 
70kDa-enzyme was performed in order to 
know the relationship of these 


enzymes. The 70kDa-enzyme adsorbed to 
ConA-Sepharose which had no affinity 


to the 26kDa-enzyme. The 70kDa-enzyme 
hydrolyzed denatured actin, but did not 
Mative actin. The optimum pH for the 
enzyme activity was 6-0, which is 
Similar to that for the 26kDa-enzyme. 
Leupeptin and E-64-c were potent 


inhibitors for the enzyme. Degradation 
products of Genatured actin by the 
70kDa-enzyme were identical to those 
by the 26kDa-enzyme. From these data 
we postulate that 70kDa-enzyme is a 
Precursor of the 26kDa-enzyme. 
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EFFECT OF THE ACTIN-DEGRADING ENZYME TO 
THE TAIL MUSCLE FIBERS OF THE PROMETAMOR- 
PHIC ANURAN_ TADPOLE. 

T.Horiguchil, T.Satohl, Y.Motobayashi2 and 
K.Yoshizato3. Ipept. of Biol., Nihon Univ. 
Sch. of Dent. at Matsudo, Chiba, 2Dept. of 
Biochem. and 3Dev. Biol. Lab., Dept. of 
Plastic Surgery, Kitasato Univ. Sch. of 
Med., Sagamihara. 


The metamorphosing bullfrog tadpole ta- 
il contains the actin-degrading enzyme. 
The musculature isolated from prometamor- 
phic tadpole tails were incubated with this 
enzyme and their ultrastructural changes in 
course of time were investigated. After 5 
min, actin filaments showed irregular arr- 
angement as like waste threads and the I- 
bands became wider than those of the cont- 
rol tissues. After 10 min, the I-bands and 
Z-discs almost disappeared. This caused the 
myofibrils to fragmentize at the level of 
the I-bands. In another case, the myofila- 
ments fanned out from the terminals of the 
myofibrils. After 20 min, the A-band over- 
lapped with the neighboring A-bands. After 
30 min, most of the H-bands and M-lines 
disappeared, and the overlapping of myosin 
filaments was frequently observed. These 
results have many points of resemblance to 
the previous findings on the initial chan- 
ges of the myofibrils of metamorphosing 
tadpole tail. Therefore, it is strongly 
Suggested that this enzyme plays an impor- 
tant role in degradation of the myofibrils 
during spontaneous metamorphosis. 
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PHOTOREVERSION OF MORPHOLOGICAL ABNORMALI- 
TY AND ABNORMAL PROTEIN PATTERN IN UV-IRR- 
ADIATED EMBRYOS OF SEA URCHIN (Hemicentro- 
tus pulcherrimus). 

Y. Akimoto, H. Shimada and T. Shiroya 
200i. LnSt.,.Fac. -05.S¢c1.. Univ. of Tokyo, 
Tokyo. 

We observed UV-induced morphological 
abnormality by scanning electrom microsco- 
pe and examined abnormal protein pattern 
by two dimensional gel electrophoresis 
(2-DGE). 16 cell embyros were irradiated 
with UV (254 nm, 200 J/m’) and cultured 
under dark at 20 °C or exposed to visible 
light (white fluorescent lamp, 11 W/m’) 
for 1 hr immediately after UV irradiation. 
The embryos were cultured in sea water 
containing [35S]-methionine (100 pC/m1) 
LOL sits 

Giant cells appeared and ingressed 
into the blastocoel at 3 hr after UV irra- 
diation. The blastocoel was filled with 
many giant cells and cell fragments. UV- 
irradiated embyros arrested morphogenesis 
in the shape of gastrula, while the normal 
embryos developed into pluteus larvae. 
These morphological abnormalities were 
almost completely photoreversed. 

2-DGE of total proteins revealed that 
1) there were increases and decreases in 
various polypeptides in the UV-irradiated 
embryos, 2) the number of these changed 
polypeptides increased with the progress- 
ion of development, 3) abnormal electro- 
phoretic patterns of proteins were photo- 
reversed almost completely. 
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POSSIBLE ROLE OF CA IN THE STIMULATION BY RUTHE- 
NIUM RED AND VERAPAMIL IN THE STIMULATION OF 
RESPIRATION IN UNFERTJLIZED EGGS OF SEA URCHIN. 
.Tazawa , A.Fujiwara’, K.Asami and I.Yasumasu . 
Biol.Inst., Yokohama city Univ., Yokohama, Dept. 
of Biol., Waseda Univ., Tokyo and “Natl. Inst. of 
Radiological Sci., Chiba. 


Respiratory rate in unfertilized eggs of 
the sea urchin, Hemicentrotus pulcherrimus 
was enhanced by ruthenium red or by verapa- 
mil, a Ca antagonist, but did t enhance- 
ed by nifedipine, a specific Ca antagon- 
ist. Ruthenium red stimulated respiration 
and also verapamil induced respiration were 
not stimulated further by verapamil and 
ruthenium red, respectively. The respira- 
tion thus stimulated by these compounds was 
inhibited by cyanide, antimycin 5ang,olig- 
omycin. In,the eggs exposed to Ca up- 
take of Ca observed 5 min after fertili- 
zation was inhibited by verapamil and nife- 
dipige. In isolated mitochondria from. 

Ca pre-loaded unfertilized eggs, C 
release was stimulated by rut eniym red and 
was inhibited by verapamil. Ca uptake 
in mitochondria was inhibited by ruthenium 
red and also verapamil. Ca-radiog¢tivity 
in mitochondria isolated from Ca pre- 
loaded unfertilized eggs was considerably 
reduced by the treatment of eggs with 
ruthenium red and verapamil. Ca de 
crease in mitochondria in unfertilized eggs 
may elevate the rate of mitochondrial res- 
piration. 


2+ 
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A BACTERICIDAL EFFECT OF FERTILIZATION ENVELOPE 
EXTRACT FROM FISH EGGS. 

S. Kudo! and M. Inoue*. Dept. of Anat.!and Lab. of 
Drug Resist. in Bact.*, Gunma Univ. Sch. of Med., 
Maebashi. 


The outermost layer of the fertilization envelope 
(FE) in eggs of the fish, Salmo gairdneri and Tribo- 
lodon hakonensis, was shown to be different in 
ultrastructure and ultracytochemistry from that of 
the vitelline envelope (VE). Purified FEs were 
processed in order to extract the outermost layer 
material overnight at 4 C in 5 m™ Tris-HCl buffer 
(pH 7.0) containing 8 mM 8-mercaptoethanol, 2 m™ 
EDTA, 0.3 M a-lactose, 0.3 M glucose and 0.9% NaCl. 
The extracts from the FEs of both fish species con- 
tained two kinds of lectins, one agglutinated human 
B-type erythrocytes and the other isogeneic sperma- 
tozoa, and both extracts had a strong bactericidal 
effect on Aeromonas hydrophila which has been found 
at a high frequency in fish culture farms, but no 
on Vibrio anguillarum and Escherichia coli. The 
extract from purified VEs of unfertilized eggs of 
the rainbow trout had no bactericidal effect on the 
bacteria examined. The agglutination of erythro- 
cytes, but not that of spermatozoa, was completely 
inhibited by the existence of D-galactose (less 
than 30 yg), whereas the latter agglutination was 
considerably inhibited by the existence of N-acetyl 
neuraminic acid or colominic acid (60 yg or more). 
The extract did not agglutinate types A and O ery- 
throcytes. VE extract from rainbow trout eggs 
showed no agglutination activity. 
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EFFECT OF ANTIOXIDANT AGENTS ON THE OZONE- 
INDUCED (HANGES IN PULMONARY LAVAGE FLUID. 
fs Nambu, E. Yokoyama and S. Yuyama . 
Dept. of Ind. Health, Inst. of Public 
Health, Tokyo, Dept. of Nutri. and Bio- 
chem., Inst. of Public Health, Tokyo. 


We examined the biochemical effects of 
antioxidant agents on the ozone-induced 
changes in lavage fluid of rat lungs. Fol- 
lowing an i.p. injection of such an anti- 
oxidant agent as ascorbic acid (AA), giu- 
tathione (GSH), cycloheximide (Cyclo)~ and 
emetine (Eme)~, male rats were exposed to 
0.5 ppm ozone for 24 hrs and their lungs 
were lavaged. VE-deficient rats were also 
made, exposed to the ozone and lavaged. 
The content of AA in the lavage fluid of 
rats administered each antioxidant agent 
was Significantly lower than that of the 
control rats, and little effect of the ex- 
posure on it was found. The content of 
protein in the lavage fluid of rats admin- 
istered one of the antioxidant agents was 
different from each other, and the en- 
hancement of the content by the exposure 
was considerably suppressed by AA, Cyclo 
and Eme, but not by GSH. Administration of 
each antioxidant agent did not affect the 
content of sugar in the lavage fluid, and 
the increase of the content by the expo- 
sure was severely inhibited by Cyclo and 
Eme, but not by AA and GSH. VE-deficiency 
showed little effect on the present exper- 
iments. @: Z. Nambu and E. Yokoyama, Jpn. 
J. Ind. Health, 24: 133-140, (1982). 
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LOCALIZATION OF 35K PROTEIN IN TETRAHYMENA 
CELLS 

M. Hironol, O.Numata2 and Y. Watanabel. 

| Inst. of Biol. Sci., Univ. .of si Sulcuisars 
Niihari-gun. 2 Dept. of Biol., Joetsu Univ. 
of Education., Joetsu. 


Previously, we reported that a 35k-dalton 
protein (35k protein; Mw=35,000, pI=6.0), 
initially detected on a DNasel affinity 
column, was purified from Tetrahymena 
cells. This protein was found to be 
localized in the cortical region and 
macronucleus of the cell using immuno- 
fluorescent microscopy. 

Here we report more detailed information 
on the localization of 35k protein. 
Concerning the cortical immuno- 
fluorescence, it was revealed that 
mitochondria being localized in the 
cortical region included 35k as one of the 


Major constituents, by two-dimensional gel 
electrophoresis and by immunoblot analysis 
of the isolated mitochondria. With regard 
to the macronuclear immunofluorescence, it 
was found that 35k protein was localized 
in patch-like structures just inside the 
macronuclear envelope. Furthermore, we 
obserbed that the macronuclear distri- 
butions of 35k protein changed dramatic- 
ally in accordance with the stages of 
conjugation. Biological function of 35k 
protein is now under study. 
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INTRACELLULAR LOCALIZATION OF MUTANT GENE 
PRODUCT OF A CELL-DIVISION-ARREST MUTANT 
OF TETRAHYMENA, cdaA. 

H.Ohba, I.Ohmori and Y.Watanabe. Inst. of 
Biobe sci., Univ. of Tsukuba, Ibaraki. 


At pre-division stage of Tetrahymena cell, 
there appears equatorial gaps in ciliary 
meridians, fission zone. At division stage, 
furrowing occurs at this zone. Tetrahymena 
cdaA mutant cell is known to have a ts- 
defect in fission-zone formation. 

At 55th meeting, we reported the identifi- 
cation and purification of the gene product 
(Mr=85,000, pIl=4.7; designated as p85) of 
cdaA locus, and the preparation of anti- 
serum against the product. 

Here we have investigated an intracellular 
localization of p85 in dividing cell by 
indirect immunofluorescence microscopy. In 
wild-type cells and cdaAi cells at the 
permissive temperature, just before the 
fission zone formation, immunofluorescence 
for p85 was associated with equatorial 
Ciliary basal bodies which subsequently 
became new anterior ends of each ciliary 
row. However, in cdaAi cells at the 
restrictive temperature, the p85 associa- 
tion, and subsequent fission-zone formation 
and division furrowing did not occur. 

By these facts, we suppose that p85 is 
needed to give rise to the fission zone 
which leads to the formation of new 
anterior pole of posterior daughter cell. 
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REGULATION OF FLAGELLAR MOVEMENT OF SEA 
URCHIN SPERM TRITON MODELS BY DEPHOSPHORYL- 
ATION AND REPHOSPHORYLATION. 

D.Takahashi’, H.Murofushi’*, K.Ishiguro’, 
J.Ikeda* and H.Sakai*. ‘*Dept.Rad.Biophys., 
Fac.Med.,Univ.Tokyo, Tokyo, *Dept.Biophys. 
Biochem. ,Fac.Sci.,Univ.Tokyo, Tokyo and 
3Mitsubishi-Kasei Inst.Life Sci., Machida, 
Tokyo. 


Phosphoprotein phosphatase was highly 
purified from bovine cardiac muscle with a 
specific activity of 1.9 umol/mg/min. When 
isolated axonemes were incubated with cAMP- 
dependent protein kinase, [y-°**P]ATP, and 
cAMP, more than 15 polypeptides were phos- 
phorylated. Most of them were dephosphoryl- 
ated by further treatment with the purified 
phosphatase. Using Triton models capable of 
vigorously beating by ATP, pre-treatment of 
the models with the phosphatase was shown 
to totally inhibit flagellar beating. When 
cAMP was added after removal of phospho- 
protein phosphatase, ~30% of the models were 
recovered to initiate beating. Further 
supplement of cAMP-dependent protein kinase 
favored restoration of motility up to ~70%. 
The inhibition of the flagellar movement by 
phosphoprotein phosphatase was cancelled by 
Pyrophosphate, an inhibitor of the enzyme. 
The ATPase activity of isolated axonemes or 
purified dynein was not affected by phospha- 
tase. In contrast, the ATPase activity of 
the Triton modeis decreased to half the 
control level. These results indicate that 
phosphorylation and dephosphorylation of 
axonemal proteins control the motility of 
the Triton model of sea urchin spermatozoa. 
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THE MITOTIC ARRESTERS: THEIR MOLECULAR CON- 
FIGURATIONS AND THE EFFICACY FOR SPINDLE 
MICROTUBULE ASSEMBLY. 2 l 
H. Sato~ and A. Kobayashi Sugashima 
Marine Biol. Lab., Nagoya Univ., Toba: 2Dt. 


Agric. Chem., Okayama Univ., Okayama. 


Contradicting to the mitotic poisons, 
T-l and its derivatives, isolates obtained 
from culture media of soil bacteria, act as 
functional mitotic arresters and induce 
metaphase-arrested spindles in dividing sea 
urchin eggs. Drug concentration for_barrel- 
ooeeee spindle induction ranges 10°” to 
10~’ M depending on the molecular structure. 

T-l is identified as: 2-hexyl-5-propyl- 
1,3 benzenediol. Alkyl chains and -OHs in 
the benzoquinone skeleton of the molecule 
are artificially modified, the partition 
coefficient is altered, and the pharmacolo- 
gical efficiency is examined. We found 
that the efficacy of these alkylresorcinol 
groups was strictly dependent on the mole- 
cular balance between the 2nd and 5th alkyl 
chains and was essential to create the st- 
rong hydrophobicity of molecule. 

Macbecin-I, a T-1l analogue and related 
to the benzenoid ansamysin, reacts with 
sea urchin eggs differently and greatly en- 
hances the volume and the birefringence in 
metaphase spindles. The state of metaphase 
arrest is lasted long and the anaphase 
chromosome movement is hardly initiated. 

We believe these T-1l comounds and analogues 
are powerful molecular probes to decipher 
the tubulin polymerization both in vivo and 
in vitro system. 


BI 5/ 


INDUCTION OF BARREL-SHAPED SPINDLES IN 
DIVIDING SEA URCHIN EGGS BY T-1 TREATMENT. 
T.J.Itoh*, H.Sato* and A.Kobayashi**. 
*Sugashima Marine Biol. Lab., Sch. of Sci., 
Nagoya Univ., Toba. **Dep. of Agric. Chem., 
Fac. of Agric., Okayama Univ., Okayama. 


To investigate the molecular involvement 
of T-l in the induction of barrel-shaped 
spindle (B-spindle), we examined at first 
in vitro polymerization of brain tubulin 
with viscometry, then in vivo spindle 
microtubule assembly in dividing sea urchin 
eggs, Hemicentrotus pulcherrimus. T-1l 
suppressed tubulin polymerization in asso- 
ciation with the increase in concentration 
and depolymerized microtubules at higher 
concentrations. Though T-1 also inhibited 
spindle microtubule assembly at 1 x 10°" M 
or above, no significant reduction of 
spindle birefringence was detected in B- 
spindles. These data indicate that the 
disassembly of spindle microtubules did not 
occur during the process of B-spindle for- 
mation. Isolated B-spindle showed that 
polar regions of spindle has been spreaded, 
indicating that spatial arrangement of 
microtubule organizing centers (MTOCs) in 
centrosomes may have been modified by T-1l. 
In summary, we believe that the T-1 depend- 
ent B-spindle induction can not be ascribed 
to the inhibitory effect of T-1l on micro- 
tubule assembly. Rather, T-1 can be a 
useful drug for examination of MTOCs in 
centrosomes. 
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NEW MICROTUBULE-ASSOCIATED PROTEINS: 

AP X AND AXOLININ 3 

T. Kobayashi , Ss, Tsukita“, S. Tsukita 
and G. Matsumoto~. Dept. of Biochem., 
ikei Univ. School of Medicine, Tokyo, 
Dept. of Anat., Tokyo Univ., Tokyo and 
Electrotech. Lab., Niihari-gun, Ibaraki 


Microtubules purified from rat brain 
contained three components of high molecu- 
lar weight MAPs---MAP 1 (350K,doublet, 
contained equal amount of each of the two 
polypeptides, precipitated by heat-treat- 
Mente alten OOMC sore Tmt) MAP xan ((SIZiOike 
singlet, heat-sensitive) and MAP 2 (300K, 
doublet, heat-resistant). Every MAP pro- 
moted microtubule assembly, was bound to 
calmodulin in a Ca-dependent manner, and 
was able to co-sediment with F-actin in 
vitro. On electron microscopy, both MAP 1 
and MAP 2 appeared as thin filaments about 
200 nm long. However, no similarity among 
these MAPs was found in imuunological re- 
activity or in digestability with chymo- 
trypsin. Furthermore, MAP 1 and MAP 2 were 
brain specific, while MAP X had a wide- 
spread distribution. Axolinin was another 
new MAP found in squid giant axon. Its 
molecular weight was 260K daltons, and was 
bound to isolated axonal microtubules to- 
gether with the other MAP of 320K daltons. 
By electron microscopic observation using 
immunocytochemical technique, axolinin 
appeared as sponge-like matrix on micro- 
tubules in the periphery of the axon. 
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MICROTUBULE-ASSOCIATED PROTEINS FROM BOVINE 
ADRENAL GLAND. 
H. Murofushi, S. Kotani and H. Sakai. 
Dept. of Biophys. and Biochem., Fac. of 
Sci., Univ. of Tokyo, Tokyo. 
Microtubule-associated proteins (MAPs) 
were prepared from both medulla and cortex 
of bovine adrenal gland with the aid of 
taxol. The MAP fraction contained MAP1, 
MAP2 and 190K as major constituents. The 
medulla was rich in MAP1 and MAP2, while 
190K MAP was major in the cortex, Adrenal 
MAP1 contained three high molecular weight 
polypeptides with apparent chain weignts 
almost equal to MAP1A, B and C from bovine 
brain. They precipitated by heat-treat- 
meneeat 100°C for eomimean: In contract, 
MAP2 in adrenal medulla, which ‘is’ less 
abundant than MAP1, and 190K MAP in the 
cortex were shown to be heat-stable;  * MAP1 
and 2 from adrenal medulla reacted, with 
antibodies raised against MAP1 and 2. pre- 
pared from rat brain, respectively. 190K 
MAP in adrenal cortex reacted with neither 
of the antibodies. Two-cycled microtubule 
proteins prepared from the same sources in 
the absence of taxol also contained MAP1, 
MAP2 and 190K MAP, The MAP fractions from 
adrenal medulla and cortex had an ability 
to promote polymerization of tubulin puri- 
fied from bovine brain. MAP1 MAP2 and 
190K MAP co-sedimented with the reconsti- 
tuted microtubules. The reconstituted 
microtubules were indistinguishable from 
two-cycled microtubules by electron micro- 
SCOpy. 
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CYTOSKELETAL ARCHITECTURE OF ISOLATED 
MITOTIC SPINDLE REVEALED BY THE QUICK- 
FREEZE, DEEP-ETCH TECHNIQUE. 
N.Hirokawa, R.Takemura and S.Hisanaga. 
Dept. of Anat., Sch. of Med., Univ. of 
Tokyo, Tokyo 113. 

Cytoskeletal architectures of isolat- 
ed mitotic apparatus from sea urchin eggs 
were studied by using quich-freeze deep- 
etch electron microscopy (QF-DE). QF-DE 
revealed that there exists an extensive 
three dimensional network of crossbridges 
between spindle microtubules. The cross- 
bridges were composed of simple straight 
types and branching types. The surface of 
the spindle microtubules was almost enti- 
rely covered with hexagonally packed small 
round structures which were very uniform 
in shape and size (7-8 nm in diameter), 
and these structures frequently provided 
bases for crossbridges between adjacent 
microtubules. These structures were re- 
moved from surface of microtubules by high 
salt (0.6M NaCl) extraction. Microtubules 
were isolated from mitotic spindles and 
examined by the QF-DE and SDS-polyacryl- 
amide gel electrophoresis. The surfaces 
of microtubules were entirely covered with 
the same hexagonally packed round struc- 
tures. Short crossbridges and some longer 
crossbridges were also observed. Consi- 
dering relative high amount of 75 KD 
protein among MAPs isolated from mitotic 
spindles, it is concluded that these round 
structures probably consist of 75 KD MAP. 
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CHYMOTRYPTIC DIGESTION OF TETRAHYMENA 22S 
DYNEIN 

Y. Y. Toyoshima and T. Miki-Noumura, 
Dept. of Biol., Fac. of Sci., Ochanomizu 
Univ., Tokyo. 

Time course of the chymotryptic diges-— 
tion of Tetrahymena 22S dynein was exam- 
ined. SDS PAGE of 22S dynein showed 3 
heavy chain bands (band 1-3) in Tris- 
glycine-urea (TGU) buffer system whereas 2 
bands in the Laemmli (DTG) system, in which 
band-1l and -2 HCs had apparently the same 
mobilities. When 22S dynein was digested 
with chymotrypsin, band 1-3 HCs were con- 
verted to band 2-5 HCs. Band-1l HC disap- 
peared rapidly and band-5 HC emerged; the 
amount of band-2 slowly decreased and that 
of band-4 increased; band-3 apparently un- 
changed. The digestion product formed two 
peaks on a sucrose density gradient. The 
peak at about 18S consisted of band-2,-3,-5 
HCs and the other peak at about 11S con- 
tained band-3,-4 HCs in TGU system; in DTG 
system, the mobility of band 3 HC was dif- 
ferent. Electrophoresis of recovered band- 
3 HC in DTG system showed that band-3 HC 
actually corresponded to 3 different HCs 
(a-c) in the course of digestion. Polypep- 
tide mapping of the HCs revealed the rela- 
tionship between HCs at different digestion 
time. Band-l HC is apparently degraded to 
band-4 via band-3b HC; band-2 appears to be 
digested to band-3c HC; band-3a HC can be 
related to band-5 HC. Immunoblotting with 
antibodies against band-2,-3,-5 HCs was 
also compatible with this scheme. 
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ISOLATION AND CHARACTERIZATION OF AN 
AXONEMAL PROTEIN EXTRACTED FROM TETRAHYMENA 
CILIA. 4 

Baemaem , .K. Masuyama‘, . Kusano and 

K. Nakamura’, Inst. of Hiroshima Public 
Health Assoc. Dept. of Living Sci., Univ. 
of Hiroshima Women’s , Hiroshima 


Agarose-polyacrylamide gel electrophore- 
sis developed for the analysis of native 
forms of axonemal proteins have revealed 
the presence of a non-ATPase protein in the 
fraction solubilized from salt-extracted 
axonemes of Tetrahymena cilia by dialysis 
against a low ionic strength buffer. 

This Protein can be purified by DEAE- 
Sephacel column chromatography and sucrose 
gradient centrifugation. Subsequent 
analysis by SDS-PAGE has shown that the 
protein is composed of a set of 17 polypep- 
tides in the range of Mr 20,000 - 130,000, 
suggesting that the protein is markedly 
different from tubulin dimer and dynein. 

Of these polypeptides two stain dark 
blue with "Stains-all" dye after SDS-PAGE; 
one of the polypeptides co-migrated with 
the&dsubunit of tubulin and the other has a 
molecular weight of 102,000. Control 
experiments with alkaline phosphatase and 
neuroaminidase have suggested that these 
two polypeptides have acidic regions within 
the polypeptides . 

Similar polypeptides stained blue have 
been found in axonemal proteins from oyster 
sperm flagella. 
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ANALYSIS OF STRUCTURE AND FUNCTION OF OUTER 
ARM DYNEIN FROM TETRAHYMENA CILIA: IL. PRO- 
TEOLYTIC DIGESTION WITH THERMOLYSIN. 
E.Masuyama and K.Nakamura., Dep. of Living 
Sciences, Hiroshima Women's Univ. Hiroshima 
734 


Recently we have found that extraction 
of axonemes from Tetrahymena cilia with 0.3 
M KCl selectively solubilizes dynein which 
involves a and 8 high molecular weight pol- 
ypeptides of outer arm dynein. In order 
to study the structural difference between 
a and 8 polypeptides, we used a protease, 
thermolysin, and analyzed the proteolytic 
degradation process of the dynein by SDS- 
polyacrylamide gel electrophoresis. The 
resultant digestion patterns have shown 
that a polypeptide is more sensitive than 86 
polypeptide. A marked enhancement of 
ATPase activity was also observed with pro- 
tease digestion. Polyacrylamide gel elec- 
trophoresis without SDS has shown that the 
digestion causes two active fragments which 
we have tentatively named FTH-1 and FTH-2. 
There was no appreciable difference in the 
molecular mass of these two fragments (-300 
K). Each fragment mainly has a common 
polypeptide (Mr=173K) and also a different 
smaller polypeptide (120K (FTH-1), 80K (FTH 
=2)). Tubulin activates the ATPase activ- 
ity of the fragments, which indicates that 
the fragments are useful materials in anal- 
yzing the interactions between tubulin and 
dynein. 
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ACTIVATION OF 21S DYNEIN ATPase ACTIVITY 
BY SALT-EXTRACTED AXONEMES FROM SEA URCHIN 
SPERM FLAG . 

Pe He OT I.Mabuchi“?3, H.Sato!. 
Sugashima MBL, Fac. of Sci., Nagoya 
Unive, jpDept..ot Cell Biol., NIBB, Oka- 
zaki, and ~Dept. of Biol., Coll. of Arts & 
Sci., Univ. of Tokyo, Tokyo 

It has been reported that 21S dynein 
from sea urchin sperm flagella rebinds to 
salt-extracted axonemes and its ATPase 
activity is activated (Gibbons & Fronk, J. 
Biol. Chem. 254, 187-196, '79). We studied 
the mode of the activation of 21S dynein 
in order to elucidate the mechanism of 
dynein-microtubule interaction. 

The salt-extracted axonemes caused a 7- 
fold activation of the 21S dynein ATPase 
activity at an axoneme/dynein weight ratio 
of about 14:1. The activation was maximal 
at a low ionic strength (no KCl) at pH 
7.9-8.3. The 21S dynein-rebound axonemes 
were trypsinized in order to digest nexin 
links. The sliding between the outer dou- 
blet microtubules took place in these 
axonemes in the absence of KCl by the 
addition of 0.05-0.1 mM ATP. During the 
sliding, the rate of ATP hydrolysis was 
the same as that of the 21S dynein acti- 
vated by the salt-extracted axonemes. 
However, it decreased to a level of 21S 
dynein alone after the sliding. These 
results suggested that an interaction of 
B-subfibers in the axoneme with dynein 
causes the activation of the 21S dynein 
ATPase activity. 
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PURIFICATION AND CHARACTERIZATION OF A 


ca2*+-BINDING PROTEIN (15K PROTEIN) FROM UN- 
FERTILIZED SEA URCHIN EGG WHICH LOCALIZES 
IN THE MITOTIC APPARATUS AFTER FERTILIZA- 
TION. 

H. Hosoya!, E. Yokotal, F. Iwasa2, N. 
Niitsu3, I. Mabuchi!’3, Hu. Mohril, H.Sakai4 
, Y. Hiramotol,5, Ipiv. of Cell Proli£., 
Natl. Inst. for Basic Biol., Okazaki, “ 
Santory Co., Ltd., Oosaka, 3Dept. of Biol. 
» COLL: Of-Arts’ & Sei,, Univ. Of TOKyG, 
Tokyo, 4Dept. of Biophys. & Biochem., Fac. 
of Sci., Univ. of Tokyo and 5Biol. Lab., 
Tokyo Inst. of Technol., Tokyo. 


A new Ca2+-binding protein, different 
from calmodulin, has been detected in the 
unfertilized eggs of sea urchin, 
Hemicentrotus purcherrimus. This protein, 
designated as 15K protein, has been puri- 
fied from the soluble cytoplasmic protein 
fraction of eggs. 15K protein is an 
acidic protein(pI=5.6) which shows a Ca2+- 
dependent mobility shift in sodium dodecil 
sulfate(SDS) polyacrylamide gel electro- 
phoresis. The molecular weight of the 
protein is 15,000 by SDS polyacrylamide gel 
electrophoresis and 24,000 by Sephadex G- 
50 gel filtration, suggesting that the 
native form of the 15K protein is a dimer. 
15K protein does not activate the phospho- 
diesterase in porcine brain. The immuno- 
logical study by using the antibody of this 
protein shows 15K protein localizes into 
mitotic apparatus after fertilization. 
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SEA URCHIN EGG SPECTRIN 
K. Kuramochi 7 dhe Mabuchi! +2 and kK. 
aribe 
Dept. Of PBvoOLl., Coll. JOR ATR US ier so Cris, 
Univ. of Tokyo, Tokyo, Dept. Of ent 
Biol., NIBB, Okazaki and 3tnst. of Molecu- 
lar Biol., Fac. of Sci., Nagoya Univ., 
Nagoya. 


We found a spectrin-like protein ina 
cytoplasmic protein fraction of 
unfertilized sea urchin eggs. This 
protein had an electrophoretic mobility in 
the presence of SDS about the same as 
human erythrocyte @O-spectrin and bound 
to calmodulin in the presence of both urea 
amids =Ga oes it cmosis —ceaciteds swath 
antibodies against chicken erythrocyte 
spectrin. We purified this protein from 
the cytoplasmic protein fraction of 
unfertilized eggs, using gel filtration 
column chromatography, ammonium sulfate 
precipitation, DEAE-cellulose column 
chromatography, and high-performance 
liquid chromatography. In a low angle 
rotary-shadowed electron micrograph, it 
appeared as a flexible, rod-shaped 
molecule of 100 nm in length (probably a 
dimer) or of 200 nm in length (probably a 
tetramer) very similar to erythrocyte or 
brain spectrin. Both the binding of the 
dimer-like molecule to actin filament and 
the crosslinking of actin filaments by the 
tetramer-like molecule were demonstrated. 
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CALMODULIN-LIKE PROTEIN IN SEA URCHIN 
EMBRYO. 

T.Seki and I.Yasumasu. 

Dept OF) Bioly), sSchiOr sEdUC..,) wwasedamUnavs. 
Tokyo. 


Calmodulin-like protein was partially 
purified from sea urchin embryo chromatin. 
This partially purified protein activated 
activator-deficient phosphodiestergse from 
bovine heart in the presence of Ca’. 

The chromatin obtained from 20.7 g em- 
bryos at mesenchyme blastula stage was 
suspended in the buffer containing 5 mM 
EGTA, heated at 90°C for 5 min, and was 
cCeneErttuged ates) 000mg kone ou mun a nine 
supernatant contained 6.95 mg protein. 
This crude extract was applied on the af- 
finity column of phenothiazine derivatives 
The column was eluteq with the buffer con- 
taining 5 mM EGTA. This sample was 
applied on the HPLC anion-exchange column. 
The column was eluted with a linear NaCl 
concentration gradient (0-0.6 M). The ac- 
tive fractions eluted at about 0.3 M NaCl. 
This sample contained 45.4 ug protein and 
specific activity increased to 38.1-fold 
of crude extract. Recovery was 24.2 3%. 

As amount of the sample obtained by 
HPLC was very small, further purification 
was not made. These results suggest a 
probably existence of chromatin-binding 
calmodulin in sea urchin embryo. 
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TETRAHYMENA CILIARY PROTEIN WHICH CAN BIND 
TO CALMODULIN AT A LOW CONCENTRATION OF 
CALCIUM 
J.Ohnishi and Y.Watanabe, Inst. of Biol. 
Sci., Univ. of Tsukuba, Ibaraki. 
Previously, we have detected at least 
36 kinds of calmodulin-binding proteins 
(CaMBPs) in Tetrahymena cilia by using a 
['*°T]CaM overlay method. Each CaMBP 
showed different Ca?*-dependencies in CaM- 
binding. In this system, some CaMBPs bound 
to CaM even at Ca?* concentration of 10° M, 
much lower than the Kd of Tetrahymena 
CaM. Recently, it was observed that the 
beat patterns of cilia and flagella are 
affected at very low concentration (1078 - 
107-’M) of Ca?*. Therefore, we intended to 
confirm the existence in the Tetrahymena 
cilia of CaMBP(s) that can interact with 
CaM in a range of 10°’ M Ca®* Since sucha 
CaMBP seemed to be the first protein which 
binds Ca**-activated CaM ina cilium. In 
order to detect the protein under a native 
condition, we used a CaM-agarose affinity 
column. Column buffer (50mM Tris, 0.2M 
NaCl, imM DTT (pH 7.5)) was made to be 
free from contamination of Ca?* with 
Chetlex= 100) and then €asmrands Maa 
concentrations were adjusted to 107’M and 
to 3x107°M, respectively. Solubilized 
outerdoublet microtubule fraction from 
Tetrahymena cilia which had dialysed 
against column buffer was loaded on a CaM 
column at 107’ M Ca?* and eluted with EGTA. 
Thus, one protein (Mrs35k) was detected 
predominantly in EGTA-eluted fraction. 
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SARCOPLASMIC CALCIUM BINDING PROTEIN (SCP) 
FROM SCALLOP STRIATED ADDUCTOR MUSCLE 

Y. Takasaki and K. Konishi 

Biol. Inst., Fach. of Sci, TohokusUnnwer 
Sendai 


———————— eee 


Low molecular weight calcium binding 
protein have been isolated from several 
invertebrate muscles (SCP). The physico- 
chemical properties of SCP's are well 
known, but their physiological function is 
unclear so far. 

We tried to find the target proteins or 
organella of SCP by using a technique of 
SCP (scallop) affinity chromatography. 
Various kind of the SCP-associated 
materials were obtained. We reported here 
two of the associated materials; actin and 
sarcoplasmic reticulum (SR). The SCP had 
not any effect to the formation of actin 
filaments in spite of its binding activity 
to actin at low ionic SEMONEEL,, In the 
case of SR, the activity of Ca“* uptake 
was distinctly actiyated by the SCP at pH 
6.0, whereas the Ca“t-ATPase activity was 
scarcely activated. 

These results suggest that the SCP 
might be involved in the acceration of 
muscle relaxation af a specified condition 
by enhancing the Ca“*+ uptake efficiency in 
SR. 
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PRIMARY STRUCTURE OF AMPHIOXUS SARCOPLAS- 
MIC CALCIUM BINDING PROTEINS. 

Zeeetakagi, K. Konishi and J. A. Cox*. 
Mapeeeetnst., Fac. Sci., Tohoku Univ., 
Sendai and * Dept. Biochem., Univ. Geneva, 
Geneve, Switzerland. 


The sarcoplasmic calcium binding pro- 
tein (SCP), thought to correspond to parv- 
albumin of vertebrate, has been found in 4 
phyla of invertebrate. We have already 
determined the primary structrures of SCP 
of 3 phylae, mollusc (scallop), annelid 
(sandworm) and arthropod (shrimp). Here 
we have established the primary structures 
of two isotypes (I, II) of SCP of the 4th 
phyli, protochordate (Amphioxus) as fol- 
lowing. 


Y K 
Snowe r O K GOK FTF DEF LD M N H D 
QE E IK RA 
== BD 2 a Re ee RAW KS BV ON, Rae 
Sas ND p MT 
Secon es Kk SM OAS FL EDQWRDL 
Ronee NK DDVVSWEEY LAM W 
mera Te KS VADLPA.WCQNRI 
Pipe Gm DVS GD GIVDL EE F Q 
HeweGrken rr ©. O CA DVPAVYNVIT 
oeltaenewaa r DE NR Y KEL Y Y RLLT 
SPA A GN TL M GQ K P 


upper, SCP I; lower, SCP II. 

Both are composed of 183 amino acid resi- 
dues, have free N-termini, found seven 
amino acid replacements at the N-terminal 
parts and have three EF-hand type calcium 
binding sites. 
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THE 45K PROTEIN AND ACTIN REVERSIVELY FORM 
A ONE-TO-ONE COMPLEX IN THE PRESENCE OF 
CALCIUM JONS 
-Ohnuma’, I.Mabuchi!+? and H.Hosoya~ 
moe Gn pLot.,° Coll. of. Arts & Sci., 
Univ. of Tokyo, Tokyo, and 2Dept. of Cell 
Biol., NIBB, Okazaki. 


The 45K protein and 45K protein-actin 
complex (45K-A) are actin modulating 
proteins which have recently been purified 
from sea urchin eggs. (Wang & Spudich, J. 
Cell Biol. 99, 844-851 (1984) ;Hosoya & 
Mabuchi, J. Cell Biol. 99, 994-1001 
(1984)) However, it has not been clear 
whether these 45K proteins are the same 
protein. We found that the free 45K 
protein and actin form a complex by 
addition of Ca** by means of gel 
filteration chromatography. This was 
further supported by a cross linking 
experiment using purified proteins and EDC 
in the presence of Sa The complex 
dissociated when Ca** was removed by 
dialysis. 

The free 45K protein and 45K-A affected 
F-actin in a different manner. The free 
45K protein reduced the high-shg¢ar 
viscosity of F-actin rapidly in a Ca“*- 
dependent manner. On the other hand, 45K-A 
gradually reduced the high-shear viscosity 
of F-actin either in the presence or 
absence of Ca“*. 
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PURIFICATION OF A NEW ACTIN BUNDLING 
PROTEIN FROM PORCINE BRAIN. S. Maekawa, 

S. Endo and H. Sakai. Dept. of Biophys. 
and Biochem., Fac. of Sci., Univ. of Tokyo, 
Tokyo. 


An actin bundling protein was newly 
purified from porcine brain extract by 
several column chromatographies. This 
protein showed an apparent M.W. of 53,000 
as measured by SDS-PAGE and a Stokes' 
radius of 3.3 nm. The 53K protein decreased 
viscosity of an actin solution measured by 
an Ostwald-type viscometer. Falling ball 
viscometry, on the contrary, showed an in- 
crease in the viscosity of the actin solu- 
tion in the presence of this protein. 
Electron microscopic observation showed for- 
mation of bundles of actin filaments by the 
53K protein. Unlike fascin-induced actin 
filament bundles, no striations were 
observed in the bundles. About 0.2 mol of 
53K protein bound to one mol of actin at 
maximum as measured by the co-sedimentation 
assay. Addition of >200 mM NaCl to the re- 
action medium or increase in pH inhibited 
the bundling activity. 

Antibodies to the 53K protein was raised 
in rabbits and purified by affinity chroma- 
tography. Immunoblotting analysis of 
several tissue extracts showed the presence 
of this protein in the extracts of liver, 
lung and adrenal. 
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DESTRIN, AN ACTIN-DEPOLYMERIZING PROTEIN. 
ITS ACTION ON F-ACTIN CONTAINING OR LACKING 
TROPOMYOSIN. 

E. Nishida, E. Muneyuki, S. Maekawa, 

Y. Ohta and H. Sakai. Dept. of Biophys. 
and Biochem., Fac. of Sci., Univ. of Tokyo, 
Tokyo. 


A 19,000 molecular weight protein 
(destrin), that has the ability to rapidly 
depolymerize F-actin in a stoichiometric 
manner, was purified from porcine kidney by 
sequential chromatography on DNase I-Affi- 
gel, hydroxyapatite, and Sephadex G-75. 

Its actin-depolymerizing activity is re- 
versibly controlled by changes in KCl con- 
centration, but is insensitive to Ca2+tcon- 
centration. The rate of depolymerization 
of F-actin by destrin is much faster than 
that of spontaneous depolymerization 
induced by dilution, and is not markedly 
decreased by the addition of end-blocking 
reagents such as cytochalasin B. These 
results suggest that destrin depolymerizes 
F-actin by interacting directly with F- 
actin protomers. Binding of muscle tropo- 
myosin to F-actin slows down the rate of 
destrin-induced depolymerization of F-actin 
by about 30-fold. The data suggest that 
the destrin-induced depolymerization occurs 
from the ends of F-actin when F-actin forms 
the complex with tropomyosin, but it takes 
place from the entire length of F-actin in 
the absence of tropomyosin. 
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ACTIN CLEAVED FRAGMENT EXSIST IN THE CHICKEN 
SKELETAL MUSCLE OF DYSTROPHIC INBRED LINE. 
Y. Yamada and R. Matsuda. Dept. of Biol. 
Tokyo Metropolitan Univ. Tokyo 158. 


Progressive destruction of myofibrils is 


one of characteristic phenomena in the dys- 
trophic skeletal muscle. We hypothesized 
that there might exist abnormal binding 
protein(s) in the dystrophic muscle. In 
order to prove this hypothesis, we have 
studied actin-binding proteins from normal 
and dystrophic chicken skeletal muscle. 
100,000 x g extracts of breast muscle were 
prepared from dystrophic chicken inbred 
line 413 and its control line 412. Actin- 
binding proteins were isolated by DNase I 
affinity chromatography. From the dystro- 
phic muscle extract, we found specific 
proteins with molecular weight of 34kD and 
9kD. Interestingly, anti actin antibody 
reacted with this 34kD protein. Jacobson & 
Rosenbusch (1976) and Mornet et al.(1984) 
reported that actin molecule could be 
cleaved by a battery of proteases at 9kD 
away from NH,-terminal and a 33kD fragment 
remained as a "protease insensitive core" 
with the =ssence of polymerization activity. 
It is possible to assume that the 34kD in 
the dystrophic chicken breast muscle may be 
this "protease insensitive core". We are 
now studying the effect of the 34kD protein 
on the polymerization and de-polymerization 
alin) Waligiatey Ehavel” alin Siew 
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CHARACTERIZATION OF THE 29K PROTEIN OB- 
TAINED FROM ASCIDIAN (Halocynthia roretzi) 
BODY WALL MUSCLE 

M. Shirakata, T. Takagi and K. Konishi, 
Biol. Inst., Fac. Sci., Tohoku Univ., 
Sendai 


In ascidian body wall muscle, a large 
amount of protein which had m.w. of 29,000 
dalton (29K protein) by SDS-PAGE is pre- 
sent. The content of the 29K protein was 
more than that of actin (29K protein; 
UO65s, B@ieslineg ISe6d Sc 

The 29K protein existed as an oligomer. 
Its sedimentation coefficient S5q , was 
18.8 S, and dissociated into monomer in 
the presence of urea or SDS. The oligomer 
was observed as globular aggregates, which 
had an average diameter of 16.6 nm, by 
electron microscopy. By indirect immuno- 
fluorescence method, the 29K protein was 
revealed to be localized mainly on the 
plasma membrane and in cytoplasm. The 
protein, which cross-reacted with the 
antibody against the 29K protein, was 
found in body wall muscles of two other 
species' ascidian by immunoblotting 
method, but any cross-reacted protein was 
not found in rabbit skeletal, chicken 
gizzard, scallop adductor and swimming 
crab leg muscles. 
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THE PRIMARY STRUCTURE OF THE 29K PROTEIN 
OBTAINED FROM ASCIDIAN (Halocynthia rore- 
tzi) BODY WALL MUSCLE. 

H. Yasunaga, T. Takagi and kK. Konishi, 
Biol. Inst., Fac. Sci., Tohoku Univ., 
Sendai 


The 29K protein isolated from asci- 
dian body wall muscle is composed of 252 
amino acid residues. The amino acid se- 
quence of the N-terminal 36 residues (the 
N-terminus is acetylated) and of the C- 
terminal 154 residues has been determined. 
Five tryptic peptides ( total 64 residues) 
between N- and C-terminal parts were not 
aligned yet. The sequence of the C-termi- 
nal part of the 29K protein showed a great 
homology with the sequences of heat shock 
protein (hsp22) of fruit fly, determined 
by cDNA and alpha crystallin B chain of 
human or bovine. Sequence comparison of 
these 3 proteins are shown following. 

SEMRLEKDRFSVNLNVKHFSPEELKVKVLGDVLEVHGKHE 


ce OR kk KKK kx kk kk kK * 
TTSKLQ-D-FNMKVDVODFKPEEVKVQG-GOVL-VHAKRE 
& 8 * xk O* KKK kk k KK * 


TVNK---DGYKLTLDVKDYSELKVKVLDESVVL-VEAKSE 


ERQDEH-GFISREFHRKYRIPADVDPLAITSSLS 
oS xk x i is KKKKK 


EGDDGMFAYSCSEFKRAFILPEGVSAERLTSSLS 
kk kK kK k KKKK kk kk 
QQEAEQGGYSSRHFLRRFVLPEGYEADKVTSTLS 
upper, crystallin B chain (from 67th); 
middle, 29K protein (from -99th); lower, 
hsp22 (from 59th); * identical res.. 
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ON THE HETEROGENEITY OF MOLLUSCAN MUSCLE 
TROPOMYOSINS. 

M.Kobayashi and T.Ishimoda-Takagi. Dept. of 
Biol., Tokyo Gakugei Univ., Tokyo. 


Heterogeneity and tissue specificity of 
molluscan muscle tropomyosins (TMs) were 
investigated. Adductor smooth muscle of the 
scallop, Pattnopecten yessoensts, contained 
two TM components in SDS gel electrophore-— 
sis. Adductor striated muscle contained 
another single TM component. Cardiac muscle 
contained a single TM component which was 
identical with one of smooth muscle TM com-— 
ponents. A single TM component of adductor 
striated muscle of another species of the 
scallop, Chlamys nobilts, was indistin-— 
guishable from one of adductor smooth mus- 
ele IMs of C. nobilts in SDS and atkalsume= 
urea gel electrophoresis and isoelectric 
focusing. However, the peptide map of the 
adductor striated muscle TM produced by 
limited digestion with S. aureus V8 prote- 
ase was slightly different from that of the 
smooth muscle TMs. Adductor striated and 
smooth muscles and cardiac muscles of other 
various bivalves also showed polymorphism 
and tissue specificity of IMs. However, the 
feature of the heterogeneity and tissue 
specificity of TMs was different from 
those of scallop TMs. Antigenicity of TMs 
was also examined using an antiserum 
against adductor muscle TM of C. nobilis. 
All of TMs obtained from chiton, gastropods, 
bivalves and cephalopods reacted with the 
antiserum, forming two precipitin lines in 
the agarose immunodiffusion tests. 
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IMMUNOLOGICAL CORRELATION BETWEEN MUSCLE 
AND NONMUSCLE TROPOMYOSINS IN ECHINODERMS. 
T.Ishimoda-Takagi , K.Shigetou and H.Sakauchi. 


Dept. of Biol., Tokyo Gakugei Univ., Tokyo. 


Immunological correlation between echi- 
noderm muscle and nonmuscle tropomyosins 
(TMs) was investigated. TMs were extracted 
from tube-feet of sea urchin, starfish and 
sea cucumber. The tube-foot in each species 
involved not only muscle type TM but also 
nonmuscle type TM. The muscle type TM ob- 
served in the tube-feet was indistinguish- 
able from that observed in other muscle 
tissues of each species in SDS gel electro- 
phoresis and immunological analysis. The 
main components of nonmuscle TMs observed 
in the tube-feet of sea urchin and starfish 
were indistinguishable from egg TMs of each 
species. In order to clarify immunological 
correlation between echinoderm muscle and 
nonmuscle TMs, cross reaction tests of the 
antisera against sea urchin lantern muscle 
T with TMs from various echinoderm muscle 
and nonmuscle sources were carried out. The 
order of intensity of the cross reaction 
with the antisera was as follows: sea urchin 
muscle TM, sea urchin nonmuscle TM, star- 
fish muscle TM, sea cucumber muscle TM and 
starfish nonmuscle TM. These results indi- 
cated that immunological correlation bet- 
ween sea urchin muscle and nonmuscle TMs 
was intenser than that between sea urchin 
muscle TM and starfish or sea cucumber mus- 
cle TM, although muscle TMs were isolated 
from homologous organs of these three 
animals. 
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ON THE HETEROGENEITY OF TROPOMYOSIN ISOLAT- 
ED FROM EGGS OF THE SEA URCHIN, STRONGYLO- 
CENTROTUS INTERMEDIUS. 

A.Motohashi and T.Ishimoda-Takagi. Dept. of 


Biol., Tokyo Gakugei Univ., Tokyo. 


Two tropomyosin (TM) isoforms (32K and 
30K components) exist in eggs of the sea 
urchin, S. intermedius. The difference bet- 
ween these components was compared in this 
study. The antigenicity of these components 
was different each other. The 32K component 
strongly reacted with the antiserum against 
lantern muscle TM of the sea urchin, Antho- 
eitdaris crassispina or S. intermedius. The 
30K component, however, weakly reacted only 
with the antiserum against S. intermedius 
T™. Although the sensitive sites of 32K and 
30K molecules to trypsin were similar each 
other, the peptide maps of 32K and 30K com- 
ponents produced by limited digestion with 
S. aureus V8 protease were different each 
other. Both 32K and 30K components had the 
ability to bind to actin. Although molar 
ratio of 32K to 30K component in the egg TM 
preparation was approximately 1:1.5, the 
ratio of these components bound to actin 
was approximately 1:1. The ratio was main- 
tained when the concentration of Mg** or 
KCl in the actin-binding solution was in- 
creased from 2.5 to 10 mM or 70 to 200 mM, 
respectively. Two dimensional gel electro- 
phoretogram (ist dimension: SDS-urea gel 
and 2nd dimension: SDS gel) of S. inter- 
medius egg TM showed the possibility that 
minor TM components other than 32K and 30K 
existed in S. intermedius eggs. 
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CHARACTERIZATION OF TROPONIN T EXPRESSED 
IN EMBRYONIC CHICKEN SKELETAL MUSCLE. 

Y. Ogasawara, H. Abe, T. Komiya and T. 
Obinata. Dept. of Biol., Fac. of Science, 
Chiba Univ., Yayoi-cho, Chiba 260. 

It has been demonstrated that multiple 
troponin T (TNT) isoforms are expressed in 
developing skeletal muscles. TNT in the 
embryonic tissue, however, has not yet 
been well characterized. In this study, 
we examined TNT present in embryonic 
chicken breast muscle by electrophoretic 
and immunoblot methods. Troponin 
preparation from 12-d embryo breast muscle 
contained TNT valiants with different Mw: 
the larger one was in the MW range of 
adult breast- and cardiac (card)-TNT and 
the smaller one in adult leg-TNT. For 
characterization of these TNT variants, we 
used anti-TNT antibodies: polyclonal and 
monoclonal (NT-302) antibodies to breast- 
TNT which recognize all TNT variants, 
namely, leg-, breast-, slow- and card-TNT 
and polyclonal antibody specific for card- 
TNT. TNT recognized by anti-card-TNT 
antibody was detected in the breast muscle 
of 10- to 15-d embryo but not of older 
ones. This TNT focused in neutral pH 
region on 2-D PAGE as adult card-TNT, but 
its MW was slightly higher than adult 
card-TNT, indicating that TNT which binds 
anti-card-TNT antibody in embryonic breast 
muscle is not exactly the same as cardiac 
isoform. TNT with lower MW is similar to 
leg-Ti.?. sSreast-TNT seems to appear in 
17-d embryc breast muscle. 
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FURTHER CHARACTERIZATION OF MYOSIN LIGHT 
CHAIN (L323) SPECIFIC FOR EMBRYONIC CHICKEN 
MUSCLES. 
H. Takano-Ohmuro!, T. Obinata? and T. 
Kaminuma’, 1 Tokyo Metro. Inst. Med. Sci., 
Tokyo and 2Dept. of Biol., Chiba Univ., 
Chiba 

We previously reported that embryonic 
chicken skeletal, cardiac, and smooth 
muscles express a common embryo-specific 
myosin light chain (MLC) named L373 (Takano- 
Ohmuro et al., 1985) which was originally 
detected in embryonic gizzard smooth 
muscle. In brain, L23 is expressed 
through developmental stages. In this 
study, we examined Ca**+-binding and 
phosphorylation of this MLC and compared 
its antigenicity with other MLCs. By 
immunoblots, immunological similarity of 
L23 with other alkali MLCs was observed: 
monoclonal antibody to fast skeletal alkali 
MLC (L¢; and L¢3) reacted with Lj3 and 
polyclonal antibody to L¢3 reacted with not 
only L¢; and L¢3, but also with Lj3, alkali 
MLC in gizzard (L17) and cardiac alkali MLC 
(Loi). Calcium-binding of MLC was 
examined by urea-PAGE in the presence and 
the absence of Cat* and 45Ca-binding to MLC 
blotted on nitrocellulose paper. Although 
regulatory MLCs, i.e. Lgzr Lez and Loo, 
bound 45ca, L23 did not bind calcium ions 
like alkali MLCs. L323 was not phosphoryl- 
ated at the condition where regulatory MLCs 
were clearly phosphorylated. From these 
results, we conclude that L33 is 
categorized into alkali MLC. 
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CONFORMATIONAL 
ACCOMPANIED WITH THE 
POLYMERIZATION RATE. 
M. Oosawa and K. Maruyama. Dept. Biol., 
nel, Keb, Glade Wry 5 Claatloyel. 

ee 1s well known that G-actin is 
stabilized by ATP, and the removal of ATP 
EesuLts Hin) inaceLvatLion Of mG acGte nie clrale 
cannot polymerize into filament by the 
addition of salt. In the present work, it 
was found that, when G-Actin was incubated 
at room temperature, the rate of 
polymerization greatly decreased but the 
extent of pollymeriization, aie. ~Levels jot 
F-actin, unchanged. 

G-actin, 0.3 mg/ml, was incubated in the 
presence of 0.2 mM ATP and 0.1 mM CaCl. for 
2A hours) sat PH oO) anda 52 Chie rate of 
polymerization induced by TS anil (CL 
decreased to 1/7 of the initial value 
without change in the extent of polymeri- 
zation at equilibrium (48 hours after the 


CHANGES OF G-ACTIN 
DECREASE IN 


addition of KCl). This change was markedly 
accelerated by the presence of 0.05 mM 
MgCl... Three hours' incubation resulted in 


the Same change as that in the presence of 
O21 mM iGacin= 

After inGubation at 25°C, G-actin showed 
increase in the difference UV absorption at 
213-215 nm. Fluorescence intensities at UV 
regions due to tyrosine and tryptophane 
residues decreased and shoed "red shift". 
The latter suggested that the buried amino 
acid residues became somewhat exposed. 
These changes were intermediate leading to 
complete inactivation of G-actin. 
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NEBULIN, A CYTOSKELETAL PROTEIN OF 
SKELETAL MUSCLE. 

A. Asakura, S. Kimura, and K. Maruyama. 
Bisse Jswloula, —Ee4 Seems, Clio liftWoy 
Chiba. 


Nebulin is a high MW (750 kD) protein 
that is located at N, lines near Z disc 
in a sarcomere of Vertebrate skeletal 
muscle (Wang and Williamson, 1980). 
Nebulin has not yet been isolated in 
native form. Therefore, its function 
remains obscure. In the present study, 
we attempted to purify nebulin without 
use of denaturating agents. 


Myofibrils prepared from chicken 
breast muscle were extracted with 
Guba-Straub solution to remove myosin 
followed by wash with 1 mM NaHCO... The 
swollen residue was treated with 0.3 M 
phosphate buffer, pH VoDe The 


Supernatant contained some amount of 
nebulin. Solid (NH,),SO, was added to 
give 25% saturation. When the 
precipitate was dialyzed against 0.3 M 
NaCl and then clarified, contaminated 
proteins were largely removed. The 
resultant supernatant was subjected to 
hydroxyapatite column chromatography. A 
small peak consisting of nubulin was 
obtained. However, on careful 
examinations, the nebulin band was not 
Single and several close bands were 
recognized. Further purification is in 
progress. 
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NATIVE CONNECTIN FROM SWINE CARDIAC MUSCLE. 
Y. ito, —S. | Kalmurays Gey) SulzuikcieeeciniGiekes 
Manuyama.. Dept. ~Baol., jFacis SCig ae Clea 
Univ., Chiba. 

Connectin, an elastic protein of 
striated muscle has been isolated in native 
state from chicken and rabbit skeletal 
muscles (Kimura and Maruyama, 1983; Wang et 
al., 1984: Trinick et /all., 1984) 0) saameene! 
present work, native connectin was prepared 
from swine cardiac muscle essentially 
according to the method of Kimura and 
Maruyama (1983). It was not necessary to 
keep cardiac muscle at  0°C. When 
myofibrils were prepared from freshly 
excised cardiac muscle, a-connectin was 
already degraded into f-connectin that was 
eventually solubilized in 0.1 M phosphate 
buffer, pH 6.5. The extract was subjected 
to hydroxyapatite. column chromatography to 
isolate connectin. The yield was less than 
100 mg per 100 g of cardiac muscle. 

Cardiac connectin showed the same MW 


(2.1 million) as that of skeletal 
connectin. The amino acid composition was 
also Similar to each other. When 


negatively stained samples were observed 
under an electron micnoscope,, Vong, enum 
filaments were seen. The interactions of 
cardiac connectin with myosin and actin 
filaments were clearly observed in the 
presence of 50-150 mM KCl at pH 7.0 and 
25°C. However, myosin filament-aggregating 
action of cardiac connectin appeared to be 
somewhat weaker than that of skeletal 
connectin. 
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COMPARATIVE BIOCHEMISTRY OF CONNECTIN, AN 
ELASTIC PROTEIN OF MUSCLE. 

D. He Hu, SeiKamungal, ee Suiziulkse cnc 
Maruyama. Dept. Biol., Fac., Sci., Chiba 
Univ., Chiba. 


Connectin is a very long, flexible, 
elastic filaments in vertebrate striated 
muscle. The molecular weights of chicken 
skeletal muscle connectins are as high as 
2.8 and 2.1 million. The present work was 
undertaken to show its wide distribution 
using an SDS gel electrophoresis technique. 

In chicken, connectin was found only in 
striated muscles: skeletal (fast and slow) 


and cardiac. In smooth muscle (gizzard), 
liver, spleen, kidney and brain, such high 
MW proteins were not detected at all. In 


nonmuscle cells, connectin-like protein was 
definitely present in the slime mold. The 
MW was much higher than muscle protein. It 
was isolated in native form from 
plasmodium. Its filamentous structure and 
amino acid composition were very similar to 
those of muscle connectin. It aggregated 
myosin and actin filaments at low ionic 


strengths. 

Connectin was present in striated 
muscles of all the vertebrates examined: 
rabbit, chicken, smake, tortoise, frog, 
newt, and carp. It was present also in 
Amphioxus skeletal muscle. In 


invertebrates, connectin was detected in 
crayfish claw muscle, beetle thoracic and 
leg muscles, and cicada leg muscle. 
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BINDING OF CONNECTIN TO MYOSIN FILAMENT 
H. Yoshidomi and K. Maruyama. Dept. Biol., 
Fac. Sci., Chiba Univ. Chiba. 

Connectin filaments link myosin fila- 
ments to 2Z discs in a_e sarcomere of 
vertebrate skeletal muscle. Connectin 
causes aggregation of myosin filaments at 
low ionic strengths (Kimura et al., 1984). 

In the present study, a quantitative 
analysis of the connectin binding to myosin 
was undertaken using sedimentation 
technique. Increasing amounts of connectin 
were added to a myosin suspension, 0.1 
mg/ml, in 0.1 M NaCl and 5 mM phosphate 
butter. pH 7.0. After centrifugation at 
15,000g for 20 min, the supernatant was 
subjected to SDS gel electrophoresis and 
absorbance measurement at 280 nm. The 
amount of connectin bound to 0.1 mg myosin 
Saturated at 0.25 mg. The maximal amount 
of connectin bound to 0.1 mg myosin was 
approximately 0.12 mg. This corresponds to 
0.3 moles of connectin per mole of myosin. 
If we assume that a myosin filament 
consists of 300 myosin monomers, it is 
calculated that 90 connectin filaments bind 
to a myosin filament. ti Se SUOWne. choir 
there are 12 connectin filaments per myosin 
filament in rabbit skeletal muscle. 

It was observed that C-protein known to 
be present on a myosin filament does not 
affect the binding of connectin to myosin 
= sempe WB Furthermore, C-protein did not 
bind to connectin either. The latter is in 
disagreement with the report of Koretz and 
Wang (1984). 
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STABILIZATION OF INSECT MYOSIN ADENOSINE 
TRIPHOSPHATASE ACTIVITY 

M. Tanikawa and kK. Maruyama. Dept. 
Bite rae. oCcl., Chiba Univ., Chiba. 


As previously reported (Zool. Sci., l, 
905, 1984), the Ca-activated ATPase 
activity of myosins from Drosophila 
melanogaster and Gryllus bimaculatus 
greatly dropped when stored in 0.6 M KCl 
at 0°C for a few days. 

Addition of F-actin markedly 
Stabilized insect myosin. Arrowhead 
formation may protect inactivation of the 
active site of myosin. Also ATP 
stabilizes myosin ATPase activity. The 
binding of substrate often stabilizes an 
enzyme. Surprisingly, when insect myosin 
was stored in 0.15 M KCl as filamentous 
form at 00°C, the loss of the ATPase 
activity hardly occurred. In the 
filamentous form, the head portion of 
myOSin possessing ATPase action is freely 
exposed to medium as myosin monomer in 
0.6 M KCl. Investigations are under a 
Way whether the stability of myosin 
depends on KCl concentrations or not by 
using water-soluble heavy meromyosin. 

Additions of various protease 
inhibitors or an SH reagent, 
dithiothreitol were not effective at all 
in protecting insect myosin from 
denaturation. 
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CHICKEN GIZZARD Z-PROTEIN. 
K.Ohashi and K.Maruyama. Dept. of Biol., 
Fac. of Sci., Chiba Univ., Chiba 

Myofibrillar Z-protein, a 55,000-dalton 
peptide, is a component of the Z-band of 
myofibrils. Antibodies against myofibril- 
lar Z-protein immunofluorescently stained 
the isolated chicken gizzard smooth muscle 
cells. Fluorescent dots (dense bodies) 
and fluorescent filaments were observed. 
Immunoblotting test showed that anti-myo- 
fibrillar Z-protein reacted with a 35,000- 
dalton peptide of chicken gizzard smooth 
muscle. 

We purified the 35,000-dalton peptide, 
tentatively called gizzard Z-protein,using 
DEAE-Sephacel column chromatography. This 
peptide was eluted at the NaCl concentra- 
tion of 50 mM, in the presence of 6 M urea 
and 10 mM phosphate buffer, pH 7.5. In 
order to prepare anti-Z-protein antibodies, 
0.2 mg of gizzard Z-protein was injected 
into a rabbit three times at an interval of 
2 weeks. This antiserum reacted with the 
35,000-dalton peptide. Anti-gizzard Z- 
protein antiserum also immunofluorescently 
stained the isolated gizzard smooth muscle 
cells just like the staining pattern by 
anti-myofibrillar Z-protein antibodies. 

Cultured gizzard cells were also immuno- 
fluorescently stained by anti-myofibrillar 
and anti-gizzard Z-protein antibodies. In 
both cases, the ruffling membrane and the 
region around the nuclei were strongly 
stained, and fluorescent filaments were 
seen in the extended cytoplasm. 


DB 1 

BIOCHEMICAL ANALYSIS OF ZP-O (I). 

T. Oikawa, S. Kurata and Y. Sendai, Dept. 
Of Buol., Fac... Of Sei., Yamagata Univ., 
Yamagata 990, Japan. 

This experiment was performed to examine 
whether the ZP-0 on the oviducal egg zona 
(Oikawa, 1984) and the Egg Surface Modify- 
ing Glycoprotein (ESMGp) in the hamster 
Oviduct (Oikawa, Sendai and Kurata, 1985) 
is the same or not. As the probes for ex- 
perimental analysis, the partially purified 
ESMGp, anti-ESMGp:IgG and FITC-anti-ESMGp: 
IgG were used. The results obtained were as 
follows; (1) A sperm binding test in vitro 
to know physiological functions of the 
ESMGp was performed. The reult indicates 
that the ESMGp treated porcine eggs can 
bind the hamster sperm, but the non treated 
one can not, (2) When ZP-OVA and ZP-OVI 
were treated with FITC-anti-ESMGp:IgG, the 
fluorescence was detected only on the ZP- 
OVI, (3) When a histological tissue section 
of the hamster oviduct was treated with 
FITC-anti-ESMGp:IgG, the fluorescence was 
detected only on the epitherium cells of 
the inner wall of the hamster oviduct, (4) 
After SDS-PAGE about two kinds of zonae, 
the Western blotting was performed and then, 
using anti-ESMGp:IgG, a detective reaction 
of the ESMGp was performed on the nitro- 
cellulose membrane. The result indicates 
that only the ZP-0 as one of components of 
the ZP-OVI was stained damino bendidine. 
These data suggest that the ESMGp is the 
ZP-0 and the spermbinding substance pro- 
duced in the hamster oviduct. 


926 Developmental Biology 


DB 2 


BIOCHEMICAL ANALYSIS OF ZP-0O (II). 

T. Oikawa, S. Kurata and Y. Sendai, Dept. 
Of Biol., Fac. of Sci.,, Yamagata Uniivis, 
Yamagata 990, Japan. 

In this experiment, to examine the bind- 
ing ability of ZP-0 to the hamster oviducal 
egg zona (ZP-OVI), the existence of the ZP- 
0 was examined with FITC-Bandeiraea simpli- 
cifolia lectin-I (FITC-BS-I). The results 
obtained were as follows; (1) FITC-BS-I can 
bind the ZP-OVI without any treatment, (2) 
FITC-BS-I can not bind the ZP-OVI treated 
with trypsin, (3) FITC-BS-I can bind the 
ZP-OVI treated with ZP-0 solution after 
trypsin treatment, (4) FITC-BS-I can not 
bind the ZP-OVI treated with endo-(@-galacto- 
Ssidase, (5) FITC-BS-I can not bind the ZP- 
OVI treated with ZP-solution after endo-@- 
galactosidase treatment. These data indicate 
that the suitable mild trypsin treatment can 
break or detach only the ZP-0 on the ZP-OVI, 
but the treatment does not give any effect 
to the ZP-binding site on the ZP-OVI and 
that the endo-@-galactosidase treatment can 
break or remove the ZP-0 binding sites on 
the ZP-OVI. 

Here, if we consider the fact that the 
ZP-0 is the sperm binding substance, we can 
completely explain the phenomena that the 
trypsin treatment and the endo-$-galactosi- 
dase treatment can induce artificially an 
inhvbaeionvoOr bert iluzacvOnus nevalteIsOr 

At present,a biochemical analysis of the 
ZP-0 binding site as the sperm binding site 
on the hamster zona pellucida is in pro- 
gress. 
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A POSSIBLE MECHANISM OF RECOGNITION OF THE 
NEURAL-INDUCING SIGNAL IN THE COMPETENT 
ECTODERM. 

K.Takatal, K.Yamazaki-Yamamoto2 and 
N.Takahashi3. lRadioisotope Center, 2Res. 
Inst. of Environ. Med., Nagoya Univ. and 
3Dept. of Biochem., Nagoya City Univ. Sch. 
of Med., Nagoya. 


Con A-binding to the cell surface acti- 
vates the neural-inducing machinery in the 
Cynops competent ectoderm (Takata et al., 
"81,'84). Con A effect was confirmed also 
in Xenopus (Grunz,'85) and Pleurodeles ( 
Gualandris et al.,'85) embryos. Results we 
obtained so far indicated that the cellu- 
lar sites responsive to Con A effect pro- 
bably consist of glycoproteins with a par- 
ticular oligosaccharide chain. Autoradio- 
graphy using 3H-Con A revealed that dis- 
tribution of Con A-binding sites in the 
presumptive ectoderm of St 11 was differ- 
ent from those of St 8 and 13C. Existence 
of a unique oligosaccharide was found in 
the HPLC analysis of a fraction obtained 
by almond glycopeptidase treatment from 
the cell surface of ectoderm of St 11 but 
none Ope Sie &) eial WSE- 

The neural competence thus may be as- 
cribed to the occurrence of such oligosac- 
charide-containing glycoprotein in the 
cell surface. Consequently, this glyco- 
protein could be the neural receptor whose 
oligosaccharide chain recognizes the 
neural-inducing signal mediated by Con A 
or molecules like that. 
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EPIDERMAL ACTION POTENTIALS OF AMPHIBIAN 
EMBRYOS: PHYSIOLOGICAL STUDIES. 

S LEO, Dept. OfBBICGl ae HCamOmms cerlaam, 
Kumamoto Univ., Kumamoto. 


Tactile stimulation of the body surface 
of Xenopus embryos is known to elicit mus- 
cular flexions. Roberts(1971) has proposed 
a model whereby epidermal cells generate 
impulses at the site of stimulation, which 
are conducted to coupled epidermal cells 
and ultimately to the flexor muscle via the 
€.N.S. Our experiments show that epiderm- 
al action potentials do elicit spinal cord 
activity which, in turn, producessaceHom 
potentials in tailbud muscles of newt emb- 
ryos(St.28-34). A telobiotic chain was 
constructed from portions of 2 or 3 embryos, 
The posterior end of a normal St.22 embryo 
(neural fold closure) was fused to the ant-— 
erior end of a second, nerve-free St.22 
embryo, and cultured. After 2 idaycwineeul— 
ture, stimulation of the nerve-free portion 
produced a visible flexion responses only 
in the normal portion of the chain. The 
percentage of flexion responses of the nor- 
mal portion of the chain following tactile 
stimulation of the nerve-free portion par- 
allels the decrement in sequential changes 
of the epidermal slow action potentials 
during normal development. We have shown 
also that from stage 28-34, epidermal slow 
action potentials induced by intracellular 
depolarizing current (10 In, 20ms) evoke 
action potentials in the cervical spinal 
cord and myotomes. 


DB 5 

EFFECTS OF VARIOUS ANTIBIOTICS ON THE 

EXCITABILITY OF NEWT ECTODERM CELLS IN 
VITRO. 

K.Katoku and S.Ito. Dept. of Biol., 

Fea. of Sci., Kumamoto Univ., Kumamoto 


With the addition of Actinomycin D, Cyc- 
loheximide or Tunicamycin to the culture 
medium at 23°C, slow action potentials of a 
newt embryo were examined for confirmation 
of a relation to transcriptional and trans- 
lational events. Onset of the genesis of 
the action potentials of ectodermal cells 
from the pregastrula occurred by 96hr cul- 
ture in FCS-=Steinberg'!s mediums 9a Oley mianed 
or 1pg/ml TU applied for 36hr prevented the 
occurrence of these potentials in cells 
precultured in FCS-Steinberg's medium for 
60hr. CH or TU applied for 28hr resulted 
in action potentials following preculture 
of the ectoderm for 68hr in FCS-Steinberg's 
medium. Thus, certain proteins and glyco- 
proteins responsible for the excitability 
may be synthesized during the 68hr culture 
following pregastrula. Ectoderm cells pre- 
cultured in FCS-mdeium for 48hr showed ex- 
Citability atten being cultured ane 0poo7 me 
AMD for 72hr. The cells precultured for 36 
hr showed no slow action potentials after 
being cultured in the same concentration of 
AMD for 64hr. But temporary treatment (24hr) 
with AMD during above critical period (24-36 
hr) gave results inconsistent with these 
findings. 
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DB 6 
SEPARATION OF VANADOCYTES FROM ASCIDIA 
BLOOD CELLS. 
H.Michibata, M.Uesaka and J.Hirata, Biol. Inst., 
Fac. of Sci., Toyama Univ., Toyama. 


Ascidia ahodori and A. sydneiensis samea be- 
longing to the suborder Phlebobranchia had high con- 
centrations of vanadium in their blood cells at about 
50mM and 10mM, respectively. On the other hand, 
ascidian blood contains variety of blood cells. The 
present experiment was examined to separate vanado- 
cytes which specifically accumulate vanadium by 
means of density gradient centrifugation in Ficoll. 

Tunicates were collected at Asamushi Marine 
Biological Station and Ushimado Marine Biological 
Station. Blood was obtained, by cutting blood vessel 

_ ++ ++ or ple hay 
and was squeezed into Ca and Mg free artificial 
sea water. Ficoll was dissolved in above ASW to 
final concentrations of 31.5, 25.0 and 17.5%. After 
one aml of the blood was layered onto the gradient, 
the tube was centrifuged in a swing-out rotor for 
20 min at 70g. Bands of blood cells obtained were 
counted for each cell number and were submitted 
for analysing vanadium by neutron activation analy- 
sis. 

Separated cell bands were greatly enriched for 
certain cell types. Comparatively higher amount of 
vanadium was detected in the band 3 which contain- 
ed morula cells at about 90% purity in the case of 
A. ahodori. Band 3 in A. sydneiensis samea also 
contained high level of vanadium but in which signet 
ring cells at about 90% purity were observed. It 
seems, therefore, that morphologically different cells 
play a role to concentrate the vanadium for each 
ascidian species. 


DB 7 


DIFFERENTIATION OF THE ACTIVE Na TRANSPORT 
SYSTEM ACROSS THE SKIN DURING METAMORPHO- 
SIS OF THE TADPOLE (R. catesbeiana). 

M. Takada. Dept. of Physiol., Saitama 
Medical School, Saitama. 


Differentiation of the active Na trans- 
port system across the tadpole skin during 
metamorphosis was analyzed in Cl-Ringer's 
condition. Frog skin can be expressed as 
an equivalent circuit by three parameters: 
Ena (the electromotive force of the active 
Na current), Rna (the resistance to the 
active Na current), Rs (the resistance to 
the shunt pathway). The potential differ- 
ence (PD) was almost null and amiloride 
had no effect on PD at stage XX. PD and 
the short circuit current (SCC) appeared 
at stage XXI and both of them increased as 
the stage advanced. Amiloride decreased 
PD and SCC after stage XXI. Ena, Rna, and 
Rs at stage XX were almost null, infinite, 
and 1 kQ-cm*, respectively. Ena and Rs 
gradually increased as the stage advanced. 
On the other hand, Rna was fairly constant 
(12 kQ*cm*) with advancing stage. The 
long-term effect of prolactin decreased PD 
and SCC and increased Rna at the adult 
stage. T, maintained high PD and SCC. 
These data suggest: 1, an active Na pathway 
appeares at stage XXI; 2, an increase in PD 
and SCC during metamorphosis is due to an 
increase in Ena; 3, prolactin may inhibit 
the differentiation of the active Na path- 
way. 
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THE EXPRESSION OF NEURO-MUSCLE SPECIFIC 
ACETYLCHOLINESTERASE (AChE) DURING 
EMBRYOGENESIS OF XENOPUS LAEVIS. 

R. Masho and T. Takeichi. Dept. of Zool., 
Fac. of Sci., Univ. of Kyoto, Kyoto. 

The spatial and temporal distribution 
of AChE during Xenopus embryogenesis was 
examined by histochemical staining method 
of Karnovsky & Roots (1964) in fixed 
whole embryos or on frozen sections. The 
activity of AChE was first detected in 
somite of early tailbuds and increased as 
embryos developed. In swimming tadpoles, 
the conspicuous activity existed in neural 
tube as well as in somite. 

Moreover, using the AChE activity as a 
maker, some experiments were performed in 
order to analyse a mechanism of mesoderm 
differentiation. The AChE activity was 
able to be induced by the animal-vegetal 
interaction which causes mesoderm 
induction (Nieuwkoop, 1969). It was also 
found that some components localized in 
the vegetal dorsal blastomeres at 8-cell 
stage were indispensable for the 
appearance of AChE, Furthermore, when 
embryos at mid-blastula were treated with 
a cleavage inhibitor cytochalasin B, only 
a small group of cells which localized at 
the dorsal-ventral region, not all the 
pre-somite cells, could express AChE at 
later stage. These results suggest that a 
part of mesoderm may be determined as 
primary mesoderm by cytoplasmic localizing 
factors and may induce secondary mesoderm. 
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ELECTRICAL RESPONSES OF POLYSPERMY IN 
IMMATURE TOAD OOCYTES 

XY, ‘wae. BLol. Instit., Fac. Scia, 
Yamaguchi Univ., Yamaguchi 

The ability of the toad, Bufo bufo 
oocyte to set up a block to polyspermy 
depends on its state of maturity. The 
immature oocytes (13-20 hr post hormone 
treatment;PHT), which exhibited polyspermy, 
elicited several fast, spike-like depolari- 
zations (2-50 mV), followed by slow depo- 
larizations before gradual rising of fer- 
tilization potential. The number of fast 
depolarizations corresponded well with the 
number of sperm entry. The mature oocytes 
(21-22 hr PHT), exhibited monospermy, elic- 
ited one fast depolarization and rapid 
rising of fertilization potential. It took 
10-600 sec to elicit positive potential 
after the initial depolarization in the 
immature oocytes, but less than 1 sec in 
the mature oocytes. The polyspermy in the 
immature oocytes is due mainly to the delay 
of rising of fertilization potential. 

The mature oocytes of the frogs, Rana 
japonica and R. nigromaculata elicited one 
fast depolarization and fertilization 
potential. The dejellied Bufo oocytes 
inseminated with the newt, Cynops pyrrhoga- 
ster underwent a gradual hyperpolarization 
(20 mV) before slowly rising fertilization 
potential. These results suggest that the 
anuran sperm elicits fast depolarization, 
but the urodele sperm induces hyperpolari- 
zation in its entry into the anuran oocyte. 
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INFLUENCE OF LIGHT ON HATCHING OF MEDAKA 
EMBRYOS. 
K. Yamagami and T. Hamazaki. 
Inne Soa WING p Sophia  Univ., Tokyo. 
Influence of light and dark on develop- 
ment and hatching of medaka embryos was 
examined. The embryos cultured in two 
light conditions (14L/10D and DD) from 
fertilization to the prehatching stage were 
allowed to hatch under three conditions 
(EE, (ba NOD and nin) As judged from the 
time of initiation and completion of hatch- 
ing of a batch of embryos, developmental 
rate was not influenced by light. However, 
hatching was found to be suppressed marked- 
ly in the dark. When the embryos were 
were cultured under 14L/10D photoperiodic 
cycle and thereafter allowed to hatch eith- 
en an LE om DD) condition. sehen ancidencemor 
their hatching showed a fluctuation corres-— 
ponding to the preceding 14L/10D cycle, 
while the hatching incidence of those which 
had been cultured either in LL or DD showed 
no clear periodicity. Thus the hatching of 
medaka embryos seems to be influenced by 
the photoperiodic cycle in which they had 
developed. In the present experiment, the 
aGtivity Of prolactin ‘cells an hypophysils 
of embryos before and after hatching was 
examined electron microscopically in conne- 
Gtion with a hypothesis that the influence 
of light would exert on hatching via dopa- 
mine-prolactin system. No significant 
difference was found in the density or 
distribution of prolactin granules between 
prehatching and posthatching embryos. 
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DIFFERENTIATION OF ACCESSORY CELLS AND 
CHORION ORGANIZATION IN ASCIDIA GEMMATA. 
Y.M.Sugino & M.Ishikawa. Dept. of Biol., 
Fac. of Sci., Ehime Univ., Matsuyama. 

We studied on differentiating process 
of accessory cells and chorion formation 
in Ascidia gemmata with transmission 
electron microscopy. The very young 
oocyte is surrounded by the primary 
follicular cell (PFC) and the outer 
follicular cell (OFC) which are similar 
to the dark and the clear cells in the 
germinal epithelium (GE), respectively. 
Then, PFCs become divided into the test 
cell (TC) and the inner follicular cell 
(IFC). We did not obtain data supporting 
that any free cell participates in folli- 
culogenesis, in spite of a morphological 
resemblance between IFC and the morula 
cell at light microscopic level. These 
results suggest that the dark cell in GE 
differentiates into TC and IFC through 
PFC, and that the clear cell becomes 
OFC. The chorion rudiment (CR) and 
microvillus-like projections of the oocyte 
appear prior to differentiation of TC and 
IFC. CR increases in volume as oogenesis 
proceeds, while organization of CR is not 
yet shown definitely until late vitello- 
genesis. Two kinds of architecture of 
CR are found at late vitellogenesis. 

As mentioned above, organizing process 
of CR in this species is different 
ieieoyu ielsiene aliol (atopove (GoneGililay Gie ello, Ve). 
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ORGAN SIZE REGULATION DURING THE MORPHAL-— 
LACTIC REGENERATION IN THE COMPOUND ASCI- 
DIAN, POLYANDROCARPA MISAKIENSIS. 
Y.Taneda® and H.Watanabe*. ‘Fac. of Educ., 
Yokohama Natl. Univ., Yokohama, * Shimoda 
Mar. Res. Ctr., Univ. of Tsukubay amc. 


Fragments of zooids of the compound 
ascidian, Polyandrocarpa misakiensis, have 
the capacity for morphallactic regenerat— 
ion. The sizes of regenerated organs were 
in proportion to the sizes of the frag— 
ments. It has been found that small frag- 
ment regenerated more rapidly than large 
one. This evidence led us to study the 
kinetics of gut regeneration from large 
and small fragments. 

Two days after cutting, not only small 
fragment but also large one produced gut 
rudiment at about the same time. The gut 
rudiment developped by cell proliferation 
followed by cell differentiation. It was 
suggested that the difference of the time 
required for completion of regeneration 
between two mainly depended upon the dif— 
ference of time required for the occur- 
rence of cell differentiation. Therefore, 
size regulation of regenerated organ may 
be carried out by the regulation of time 
at which cell differentiation takes place. 
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BIOLUMINESCENCE IN THE ASCIDIAN, CLAVELINA 
MINIATA. I. VARIOUS STIMULATIONS EVOKE 
LIGHT EMISSION FROM THE TEST CELLS. 
M.Aoki!l, K.Hashimoto? and H.Watanabe3. 
lAmakusa Mar. Biol. Lab., Univ. of Kyushu, 
Amakusa, 2Meiji Inst. of Health Sci., 
Odawara and ?Shimoda Mar. Res. GCtaeUnawe 
of Tsukuba, Shimoda. 

In the ascidians, there has been no re- 
cord of bioluminescence except for old re= 
ports of occasional luminescence originated 
in symbiotic bacteria. We found biolumines- 
cence in the ascidian, Clavelina miniata, 
and investigated what stimulations induce 
light emission, and from where it origi- 
nates. 

Localized mechanical stimulations evoked 
light emission for 1-2 sec. at the point of 
stimulation in tunic. Hypotonic conditions 
or changes in K*t-Nat ion ratio of medium 
induced longer light emission from whole 
tunic for 15-30 min. Most bioluminescence 
Originated in the transparent, Cunviceswesex— 
amined the isolated tunic uSing a micro- 
scope equipped with a video camera and im- 
age intensifier. Bioluminescence was pro- 
duced by wal speciric type Of sbesitmcedamon 
which seemed to release luminous materials 
to the extracellular space. Luminescence 
from each cell lasted only less than 1 sec. 
The light emission was Ca**-dependent. We 
suggest that this ascidian has an endoge- 
nous source of bioluminescence which does 
not originate in symbiotic bacteria. 
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BIOLUMINESCENCE IN THE ASCIDIAN, CLAVELINA 
MINIATA. II. CLASSIFICATION AND ULTRA- 
STRUCTURE OF THE TEST CELLS. 

K.Hashimoto?, M.Aoki? and H.Watanabe? 
?7Meiji Inst, of Health Sci., Odawara, 
zAmakusa Mar. Biol. Lab., Amakusa and 

3 Shimoda Mar. Res. Ctr., Shimoda, 

We have shown that a specific type of 
test cells (type II) emits light in C. 
Mminiata. In this report, we classify test 
cells in the tunic into three types ac- 
cording to their cytoplasmic inclusions 
examined with Nomarski optics and TEM. 

Test cells mainly accumulated beneath 
the cuticle or just above the epidermis. 
Type I cells, which contain several large 
vacuoles with uniform medium electron den- 
sity (5-6 um) make very small group (only 
2-3 %) of all cells in the isolated tunic. 
It was almost always found near the epi- 
dermis. About 80 $ of test cells was 
classified as type II, which had only a 
few green granules (0.7-1.0 um) anda 
few large vacuoles. About 65 % of them 
were found near the cuticle. Type III 
cells were packed with many small irregu- 
lar granules and distributed to both areas. 
In TEM, there were many cells with interme- 
diate features of type II and III cells. 
However, type III cells had unique granules 
with high electron density. Type II cells 
were often contained a few large vacuoles 
with fibrous materials. Although there 
were many bacteria within the tunic as well 
as on the cuticle, we have observed no 
symbiotic bacteria in type II test cells. 
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AUTONOMOUS FLUORESCENCES OF EGGS OF THE 
ASCIDIAN Ciona intestinalis 

T.Deno, Dept. o£ Zool., Fac. of Sci., Univ. 
of Kyoto, Kyoto. 


Under UV illumination eggs of the ascidians 
Ciona intestinalis and C. savignyi were 
found to emit specific autonomous fluores- 
cence in the myoplasmic region of egg cyto- 
plasm, the vacuoles of test cells, and the 
follicular vesicles of follicle cells. The 
fluorescent egg cytoplasm formed a crescent 
after ooplasmic segregation and was inher- 
ited mainly into muscle lineage cells. The 
fluorescence of test cells appeared at 
early stage of oogenesis and remained con- 
stant during oogenesis and embryogenesis. 
Utilizing this fluorescence the number of 
test cells within the perivitelline space 
of a Ciona unfertilized egg was estimated 
to be 1154+182 and that of a tailbud-stage 
embryo was 1089+149, suggesting that there 
was no proliferation of test cells from 
fertilization to at least tailbud stage. 
Comparison of the color tone of fluores- 
cence and the behavior of test cells found 
in adult tunic clearly indicated that these 
two types of cells are intrinsically dif- 
ferent from each other. The fluorescence 
of follicle cells also appeared at early 
stage of oogenesis and did not change 
during embryogenesis. With the aid of this 
fluorescence the number of follicle cells 
with an egg was estimated to be 63+8. 
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ISOLATION OF THE MYOPLASM FROM EGGS OF THE 
ASCIDIAN, CIONA INTESTINALIS. 
N.Satoh, T.Nishikata and T.Deno. Dept. of 


Zoology, Kyoto University, Kyoto 606. 


The myoplasm of ascidian eggs is thought 
to contain the cytoplasmic determinant (s) 
responsible for differentiation of muscle 
cells. In this study we tried to isolate 
the myoplasm from Ciona eggs according to 
the method described by Jeffery et al. (19 
84). Autonomous fluorescence of the myo- 
plasm, presented in this meeting by Deno, 
was used as a marker for monitoring isola- 
tion of myoplasm, and we could obtain cyto- 
plasmic aggregates with high fluorescence. 

The myoplasm is known to contain a dense 
aggregate of mitochondria, endoplasmic ret- 
iculum, and pigment granules. Thin sec- 
tions of isolated myoplasm examined with 
transmission electron microscopy showed a 
large number of mitochondria and membrane 
components. 

Two-dimensional gel electrophoresis was 
used to compare the proteins of isolated 
myoplasm and the other cytoplasmic regions 
of the eggs. A number of differences were 
detected between the polypeptides of the 
two fractions. Although many of the 185 
spots were present in both fractions, it 
was evident that the myoplasmic fraction 
contains at least 10 polypeptides that were 
absent in the other fraction, and vice 
versa. The results confirm the suggestion 
that the myoplasm contains a unique set of 
egg proteins. 


DB 17 


SYMBIOTIC RELATIONSHIP BETWEEN CYTAEIS 
SP. AND NIOTHA LIVESCENS IN THEIR EARLY 
STAGE AND ITS EFFECT ON COLONY FORMATION. 
C. Inoue and Y. Kakinuma. Dept. of Biol., 
Fac. of Sci., Kagoshima Univ., Kagoshima. 


When the planula is attached on the 
surface at a specific position on the 
base of syphon of N. livescens, the 
planula differentiate into polyp. The 
planula is most effectively attached to 
the juvenile shell surface just after 
metamorphosis of the shell and differen- 
tiates into polyp. When the shell dies, 
the polyp degenerates, on the other hand 
when the planula is not attached on the 
shell, the shell dies. Therefore the 
differentiation into polyp shows a corre- 
lation between the physiological condition 
of the soft part of the shell and planula. 

The differentiated polyp develop the 
stolon alongside the suture line on the 
shell, after that the colony formation 
takes place toward the tip of the axis of 
the shell. The growth of polyp colony 
and the sheil shows a parallel relation- 
ship. Therefore it implies that the 
colony formation of polyps has specific 
interrelationship with the growth of the 
shell. 

In field, during spring the erowth of 
colony of polyps takes place, and after 
forming medusa bud in early summer, the 
bud liberates in August, and from summer 
to autumn the polyps degenerate into stolon. 
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MICROENVIRONMENT IN MORPHOGENESIS OF 
POLYPS IN CYTAEIS SP. AND SYMBIOTIC 
RELATION BETWEEN CYTAEIS SP. AND NIOTHA 
LIVESCENS. 

Y. Kakinuma and J. Tsukahara, Dep. of 
BiOl.,, BAC. Gif SEALs, KaCG@Siaslme Winshy. z 
Kagoshima. 

When the polyps of Cytaeis sp. grow 
on shell surface of the gastropod Niotha 
livescens, they degenerate to stolon 
within two days; but in the case of 
isolated polyp it does not degenerate on 
the living shell of N. laivescens' 
Morphogenesis of Cytaeis sp. is affected 
by living N. livescens. The 
differentiation of polyps is very rapid 
when bacteria is growing around the N. 
livescens which is secreting mucus. In 
the presence of N. livescens, polyp 
does not degenerate but keeps to the same 
state. 

In one particular circumstance, 
cultured N. livescens in sea water 
medium caused growth of bacteria. When 
isolated polyps were put in this medium 
with the bacteria, the polyps become 
colony and did not degenerate to stolon. 
In the microenvironment of these polyps 
there were seven types of bacteria, two 
of which had an effect toward 
defferentiation of polyps. 

In medium with one of the bacteria 
type, isolated polyps with tentacles did 
not make colony, while with the other 
bacteria type polyps formed colony and did 
not degenerate to stolons. 
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REGENERATING PATTERN OF ISOLATED PEDUNCLE 
IN PELMATOHYDRA ROBUSTA. 
kK. NodamandmiChKanaiemmbaby sore UlttmasieeuRese 
Tokyo Metropolitan Inst. of Geront., Tokyo. 
In P.robusta, isolated subhypostomal 
regions develop to only head region. When 
the tissues were enclosed in small holes 
bored in unglazed plate to increase the 
cell density, the cell masses developed to 
complete hydra with all regions (The 54th 
Meeting at Matuyama). This result shows: 
When the tissues having a tendency to de- 
velop to head region were increased in cell 
density, they were changed to be easy to 
make a complete hydra with foot region. At 
this time we also cleared that the same 
system exist in embryogenesis of robusta. 
Solid shell enclosing embryo keeps the cell 
density of embryo in high level, resulting 
in development of a complete hydra. 

The present study reports about regener- 
ating pattern of isolated peduncle of No.3 
strain in robusta. Isolated upper half of 
the peduncle have a tendency to contract 
and change to a spherical shape. During 
keeping the shape, the peduncle cells were 
changed to body cells which were easy to 
make head regions and lost a capacity to 
make foots. If the peduncle was prevented 
from contracting, the cells remains as they 
were, and they made basal disks before head 
formation. 

The cell population being relatively low 
in a head formation capacity was changed to 
be easy to make a head region by increasing 
in the cell density. 
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REGENERATING CAPACITY IN TENTACLE CELLS OF 
PELMATOHYDRA ROBUSTA. 
Ceikananwand KiGNoda=) Vabe co feUitt ras temo 
Tokyo Metropolitan Inst. of Geront a okoor 
- We have a hypothesis that cell density 
itself play an important role in budding 
and embryogenesis of hydra, not Head-Acti- 
vator-Inhibitor Theory. We demonstrate this 
conception at another lecture in this meet- 
ing. We have also hoped that tentacles can 
obtain a regenerating capacity if the cell 
density of tentacles was changed to be high 
level such as body wall. This hypothesis is 
alisio) demonstrated an) sthulss Nee timer 

Isolated tentacles of robusta were alive 
for 3.5 days at 20°C. It is most important 
problem in the present study to lengthen a 
tentacle's life. Tentacles were disorganiz- 
ed in HB solution and reorganized in M so- 
lution. This was necessary procedure for 
tentacles to be changed to tissues with two 
compact cell layers such as body tissues 
which have long life span and a capacity to 
regenerate hypostome and gastric region. If 
two isolated tentacles were fused straight- 
ly at their bases in HB solution and the 
fused part was appeared to be similar to 
body tissue in M solution, the experiment 
always resulted in success. After being cut 
two tentacles, the fused part developed to 
a miniature hydra with hypostome and gast- 
ric region. The miniature hydra always have 
two long tentacles newly formed with no 
nematocyst and have a mouth opening respon- 
sible to reduced glutathione. 
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CELLULAR ASPECTS ON THE DEVELOPMENTAL PRO- 
CESS FROM CLEAVAGE TO POLYP STAGE IN A HY- 
DROZOA, NEMPOSIS DOFLEINI. 

K.1.Kato, N.Kageyama and Y.Matsumoto. 
Dept. of Biol., Osaka Kyoiku Univ. ,Osaka. 


During the early development, the cell 
no. increases with sigmoid curve, but de- 
creases gradually until the settlement of 
flattened planula. Using the median pieces 
of the longitudinal sections of the speci- 
mens at various stages, the mitotic index 
(MI) and the cells showing the two types 
of nuclei in resting cells are counted for 
4 regions (ectoderm and endoderm region in 
aboral and oral parts). One type of the nu- 
cleus shows scattered distribution of chro- 
matin (sc type), and another one has con- 
densed heterochromatin association with the 
inner surface of the nuclear envelope (ha 
type). In the ectoderm, MI, regardless of 
the parts, increases up to the middle pla- 
nula, but gradually decreases until the 
polyp. In the endoderm, however, it is kept 
to be very low for both parts. The ha type 
cells appears first at the late gastrula, 
showing gradual increase up to the settle- 
ment for the ectoderm and up to the late 
planula for the endoderm in both parts. 

These facts indicate (1) that some 
cells may die after the middle planula and 
follows with the occurrence of ha type cel- 
ls and (2) that change in the time of cell 
cycle may be brought about in close rela- 
tion with the regional’ di fierence or vem= 
bryo and planula. 


——— ~~ OOOL 
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DIFFERENTIATION OF POLYPS AND INFLUENCE 
BY SYMBIODINIUM SP. IN MASTIGIAS PAPUA. 
S. Shirahama and Y. Kakinuma. Dept. of 
Biol., Fac. of Sci., Kagoshima Univ., 
Kagoshima. 


Asexual reproduction of polyp is most 
effective with the quantity of food than 
light condition or temperature. There 
are two types of differentiation of 
polyps; first when the planula like larva 
[Pubyeattaches to a substratum, it is 
differentiated into the polyp. Second 
when PLL does not attach to substratum, 
it develops into small PLL and a polyp 
with plankton-like movement. 

Under the throughout light (LL) 
condition there is no difference on the 
rate of differentiation of polyp with or 
without Symbiodinium sp. The effect of 
dark and light (DL) and throughout dark 
(DD) conditions decreases the rate of 
differentiation of polyps with 


Symbiodinium sp. compared to polyps 
without Symbiodinium sp. 

The differentiation of polyp is 
accelerated most under the throughout LL 
condition. Therefore Symbiodinium sp. has 
some influence on the differentiation of 


polyp. 
note: LL Light (24hrs) 


DE Dark (izhrs), Light (12hrs) 
DD Dark (24hrs) 
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THE STRUCTURE OF FIBER BUNDLES ATTACHED TO 
THE EGG OF TETILLA JAPONICA. 

Y. Watanabe? and Y. Masudae. 1Dept. of 
Biol., Ochanomizu Univ., Tokyo, Tateyama 
Mar. Lab., Ochanomizu Univ., Tateyama and 
2Dept. of Biol., Kawasaki Medical Sch., 
Kurashiki. 


Unfertilized egg of T. japonica, ovipa- 
rous sponge, has many radiating fiber bun- 
dles around itself. With electron micro- 
scope, these fibers attached to the egg 
surface in bundles at their proximal ends, 
and they spread radially in individual fi- 
bers at their distal ends. At the bases 
of these bundles, small trapezoid projec- 
tions of egg cytoplasm, were seen, where 
the fiber bundles attached. They consist 
of long cylindrical fibrils, 13 to 17 nm 
in diameter, with a faintly visible trans- 
verse striation of about 20 nm, which 
appeared similar to the mesohyl collagen 
fibrils. 

These fibrils were not attacked by known 
collagenase, but they denatured and became 
invisible in the hot sea water about 90°C 
or in the 0.2% perchloric acid. 

The fiber bundles were included into the 
perivitelline space after fertilization, 
and progressively taken into the embryo 
during the development. We consider that 
these fibrils may be collagenous nature, 
and may play some important role in embryo- 
nic development and morphogenesis in T. 


japonica. 
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DEDIFFERENTIATION AND REDIFFERENTIATION 
OF COPULATORY APPARATUS, ESPECIALLY ITS 
PENIS IN FRESHWATER PLANARIANS. 

W. Teshirogi and H. Teshima. Dept. of 
BUGIS, ack tOn SGI.) Hirosaki Univ. ; 
Hirosaki. 


The regression of the copulatory appa- 
ratus of planarians is caused by high- 
temperature treatment (above 16° C) or by 
excision of regeneration head-blastema at 
a interval of three days after decapita- 
tion. The process of regression and re- 
differentiation of copulatory apparatus 
in Dugesia japonica japonica and Bdello- 
cephala brunnea was observed by using 
these two methods. Light-microscopically, 
the copulatory apparatus disintegrated to 
cell clusters, then dissociated to neo- 
blast-like cells and finally transformed 
into the ordinary mesenchymal cells. When 
the worm with the regressed copulatory 
apparatus by a high-temperature treat- 
ment was cultured at the low temperature 
(below 14° C) or the head-region of the 
decapitated worm was regenerated, the 
dissociated cells reaggregated to clus- 
ters and then redifferentiated to the 
copulatory apparatus. The electron micro- 
scopic observation on the morphological 
changes of the penis revealed that the 
first sign of the dedifferentiation ap- 
pears in the secretory epithelial cells. 
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CELL RENEWAL IN THE PLANARIAN EPIDERMIS. 
S. Ishii. Cent. Res. Lab., Fukushima Med. 
Col., Fukushima. 


Later stages of the process of cell 
replacement in the planarian epidermis 
were examined with scanning and trans- 
mission electron microscopes in a fresh- 
water triclad, Bdellocephala brunnea. 
Scanning electron microscopically, a ju- 
venile type of epidermal cell (reserve 
cell) can occasionally be observed perfo- 
rating through the attenuated cytoplasm of 
adjoining mature epidermal cells. Soon 
after perforation the cell becomes equip- 
ped with many long microvilli on its 
limited apical surface and at the time 
exhibits a frequent release of large 
secretory inclusions, or rhabdites. The 
ensuing event of growth is an extension 
of the surface area, up to 20 pi across, 
where a sporadic ciliation occurs. A 
concomitant gradual decrease of micro- 
villi in length and density and an occa- 
sional release of rhabdites are observed. 
Transmission electron microscopically, 
the reserve cells apparently correspond 
to the “type 2" cells reported by Hori 
('78), with growing rhabdites scattered 
over the cytoplasm. Observations may 
first manifest the specific mode of epi- 
thelization and ascertain the validity 
of the previous concept of rhabdite form- 
ing cell origin in the planarian epi- 
dermis. 
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ELECTRON MICROSCOPIC STUDIES OF EMBRYONIC 
DEVELOPMENT OF THE FRESHWATER. PLANARIAN, 
Bdellocephala brunnea. I. FROM OOGENESIS 
TO THE FERTILIZED EGG. 
T. Sakurai. Cent. Res. Lab., Fukushima Med. 
Col., Fukushima. 
Beene ee eee EES 
Since the planarian egg is a composite 
one, consisting of several eggs and numer— 
ous yolk cells, the manner of embryonic de- 
velopment is remarkably modified. Although 
a number of studies have been made, details 
of its developmental processes remain ob- 


scure. In the present study, the oocytes 
and the fertilized eggs of B. brunnea were 
examined with electron microscopes. Al- 


though both types of cells contained some 
organelles formed in the oogenetic process, 
such as nucleus-derived dense bodies, annu- 
late lamellae, and yolk-like granules, the 
fertilized eggs were devoid of cortical 
granules. Moderately dense material, which 
was thought to be released from the corti- 
cal granules, adhered nearly overall to the 
egg surface. A spermatozoon was found in 
the egg cytoplasm in the following manners: 
the head was folded up and still condensed 
and the tail whirled in the vicinity of the 
sperm nucleus. Since the egg nucleus had 
still two membranes and contained nucleoli 
and chromosomes attached to the inner mem- 
brane, it was clear that the egg was in the 
first meiotic prophase. 
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FORMATION OF CANAL SYSTEM IN PLANARIAN 
PHARYNX REGENERATION. 

E. Asari. Dep. of Biol.) libenadivanacs,, 
Kanazawa Med. Univ., Ishikawa-ken. 


Formation of the canal system in the re- 
generation of pharynx in the head piece cut 
transversally in prepharyngeal region was 
electronmicroscopically investigated using 
freshwater planarian, Dugesia japonica. 
Following results were obtained. (1) 4.5 
daysisatter the cut, a slit. a nudamentaot 
pharyngeal lumen, was formed in the bounda- 
ry area between the cut surface of intes- 
tine and the undifferentiated cells gather- 
ed at the basal region of pharyngeal rudi- 
ment. The fact suggests that intestinal 
cells played an important role in the dif- 
ferentiation of the undifferentiated cells 
into slit-fLouming cells: (2)\ Characters. 
ties of the slit—torming, cedilsmanewtinatas 
they contain rod-shaped bodies in cytoplasm 
surfacing the slit and that they have mi- 
erovyilitlon the £yeeusurtace. Uhnemnolemor 
these features, if any, in pharyngeal lumen 
formation remains to be investigated. (3) 
Some cells on or near the slit showed fea- 
tures of necrotic nucleus and/or autophago- 
cytosis. These features seem to be related 
with the enlargement of the slit. (4) In 
the neighborhood of the first slit, another 
intercellular slit was formed, which then 
became connected with the first slit. This 
process of growth by joining plural slits 
was often observed also in the formation of 
pharyngeal cavity. 
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ANALYSIS OF THE ROLE OF EGG COMPONENTS IN 
MORPHOGENESIS OF XENOPUS LAEVIS. 

Atsunori Shinagawa, Yoshiaki Gotoh. Dept. Biol., 
Fac. Sci., Yamagata Univ., Yamagata 990, Japan. 


The role of egg components in amphibian 
morphogenesis, including gastrulation, mesoderm 
formation and neural induction, was investigated 
using Xenopus eggs because little is known about 
the substance responsible for amphibian 
morphogenesis despite the numerous studies 
revealing the variety of differentiation capacity 
among the portions of the egg. In reality, the 
author formed two kinds of animal half fragments of 
Xenopus eggs by bisecting eggs (1) immediately 
after the eggs were rotated through 90° off 
vertical axis( Early Bisection ) or (2) 20 min 
after the 90-off-axis rotation ( Late Bisection ). 
Early-Bisected animal halves usually contain a 
large amount of cytoplasm but not large yolk 
platelets while Late-Bisected animal halves contain 
rather a large amount of large yolk granules as 
well as cytoplasm. Early-Bisected animal halves 
scarcely display gastrulation and further 
morphogenesis, while Late-Bisected animal halves 
are capable of performing gastrulation and 
occasionally further morphogenesis, including 
mesoderm formation and neural induction in spite of 
lacking the cortex of the dorsal marginal region. 
Histological examination revealed that there may be 
a close correlation between the amount of yolk 
granules involved and the extent of gastrulation 
and further differentiation, strongly implying that 
the endoplasmic components, particularly, large yolk 
granules play an important role in amphibian 
morphogenesis. 
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MUSCLE FIBERS AND MACROPHAGES IN THE TAILS 
OF THYROIDECTOMIZED TADPOLES OF ANURA. 
H.Takahama, T. Kinoshita, F.Sasaki and 
K.Watanabe. Dept. @2 JINOls y School of 
Dental Medicine, Tsurumi Univ., Yokohama. 


The tail muscles of thyroidectomi zed 
tadpoles(TE) of Rana japonica were in- 
vestigated by light and electron micro- 
scopy three months after extirpation. Mean 
diameter of the muscle fibers in TE was 
about two times that in normal tadpoles at 
the prometamorphic stage. The sarcoplasm 
in the TE fibers was greater than in the 
normal fibers and was rich in filamentous 


materials. Morphological aiterations of 
membranous systems existed in some TE 
fibers. Networks of tubular units, stain- 


ing with ruthenium red, regularly arranged 
in a hexagonal pattern and displaying a 
continuity with the transverse tubular 
system of triads were sometimes found. 
Dilated sac-like structures containing 
flocculent material were noted in ciose 
proximity to cisternae of sarcoplasmic 
reticulum. Some mitochondria in TE fibers 
contained well-deveioped cristae and 
large-sized mitochondria were also found. 
No degeneration occurred in TE fibers. 
Macrophages were rarely found around the 
muscle fiber of TE tail. After latex beads 
injection, numerous macrophages were found 
and phagocytized much of the beads. 
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NEURAL PLATE FORMATION IN XENOPUS EMBRYO. 
K.Haradat and A.S.Suzuki* "Dept: “or 
Hirose, Fac. of Sci., Univ. of Kumamoto, 2. 
Dept. of Biol., Fac. of Gen. Educ., Univ. 
of Kumamoto, Kumamoto. 


It is still important for understanding 
neural plate formation to investigate the 
disposition of prospective neural area 
(PNA) and the course of its movement 
during gastrulation. Keller showed that 
the PNA of early Xenopus gastrula is 
located between 0.3 and 0.9mm from blasto- 
pore at dorsal side and is_ crescent- 
shaped. Our preliminary observation sug- 
gested that the PNA was narrower at dorsal 
side and band-shaped. To settle this dis- 
crepancy, we used X. borealis which is 
different from X.laevis in the sensitivity 
to quinacrine. 

Animal caps of both species were 
exchanged at 0.6mm from blastopore. The 
cells of transplanted cap were’ scarcely 
observed in the neural areas of host 
embryo, except anterior tip of brain. At 
further experiment, a small piece of 
borealis PNA was transplanted into corres- 
ponding area of laevis gastrula. As _ the 
results, the PNA on Keller's map seems to 
be excessive, especially at dorsal side. 
During gastrulation, the PNA is’ concen- 
trated into dorsal side and elongated 
along anterior-posterior axis. Therefore, 
the dorsal and lateral cells of PNA dis- 
tribute in the ventral and dorsal-lateral 
sides of neural structures, respectively. 
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INTERACTION BETWEEN ECTODERM AND MESODERM 
AND THE ESTABLISHMENT OF THE NEURAL PLATE 
DURING NORMAL DEVELOPMENT IN THE NEWT. 
H.Imoh. Dept. of Biol., Miyazaki Univ., 
Miyazaki. 

The organizer acts as the organization 
center in the secondary axis formation and 
probably in normal development. Mechanisms 
involved in its action were studied by 
examining morphologically changes of the 
dorsal blastopore lip and its interaction 
with tissues during normal development in 
the newt, Cynops pyrrhogaster. The dorsal 
lip of the astopore gave rise to pre- 
chordal tissues and the notochord. These 
tissues formed a ridge of compacted cells 
at the dorsal midline. They contacted 
tightly with the ectoderm at their dorsal 
surface and with endoderm at their right 
and left edges facing the archenteron. 
Therefore, their involution caused the 
invagination of the endoderm, and growth 
of the notochord, occurring by remodeling 
of involuted notochordal mass, caused the 
anteriorly directed displacement of pre- 
mature neural plate. Lateral or ventral 
lip of the blastopore gave rise to loosely 
compacted mesodermal cells. Loose mesoderm 
arised also from ventral material existing 
before involution around the ventral lip. 

It can be concluded that the dorsal lip 
of the blastopore organizes the neural 
plate and the endoderm into their proper 
locations by its particular activity to 
grow after being bound tightly to these 
tissues to be moved. 


wW 
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DEVELOPMENT OF THE CONNECTIVE TISSUE IN THE 
DIGESTIVE TRACT OF THE LARVAL AND METAMOR- 
PHOSING XENOPUS LAEVIS. 

A.Ishizuya-Oka and A.Shimozawa. Dept. of 
Anat., Dokkyo Univ. Sch. of Med., Tochigi. 


We quantitatively examined the develop- 
ment of the connective tissue of the stom- 
ach and small intestine in Xenopus laevis 
tadpoles from stages 50 to 66 (Niewkoop & 
Faber) by light and scanning electron mi- 
croscopy, with special reference to its re- 
lations with epithelial changes during met- 
amorphosis. Before stage 60, the layer of 
connective tissue was prominent in the 
typhlosole, while that in the rest of the 
digestive tract remained thin. Although mi- 
totic cells were rare, the connective tis- 
sue gradually increased in cell number dur- 
ing this period in the intestine, but not 
in the stomach. At stages 60-61, in both 
the stomach and the intestine, the connec- 
tive tissue suddenly increased in thickness 
and in cell number. Its mitotic index also 
became high. Increase of the mitotic cells 
of the epithelium occurred in the entire 
stomach, while that in the intestine was 
restricted in the islets which later formed 
the adult epithelium. Thereafter, intesti- 
nal zigzag folds were formed and mitotic 
cells of the epithelium were localized in 
the troughs of zigzag folds. The present 
results indicate that the rapid increase of 
the connective tissue cells of the diges- 
tive tract occurs concomitantly with mor- 
phological changes of the epithelium. 
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MONOCLONAL ANTIBODY PRODUCTION AGAINST 
VEGETAL POLE CYTOPLASM OF XENOPUS 2-CELL 
STAGE EMBRYOS. 2 1 

S. Nakazato” and K. Ikenishi”. “Bio. Sci. 
Lab., Nippon Zeon Co. Ltd., Kawasaki and 
Dept. of Biol., Fac. of Sci., Osaka City 
Univ., Osaka. 

In order to Know in which organelle in 
the "germ plasm" (GP) the germ cell deter- 
minant resides, we tried to make monoclonal 
antibody against a subcellular fraction of 
the vegetal pole cytoplasm, probably con- 
taining the GP, of Xenopus 2-cell stage em- 
bryos. More than 300 hybridoma culture 
media (antibodies) were screened, by indi- 
rect immunofluorescent antibody staining, 
with squash preparations of both the bla- 
stomeres with and without the GP in stage-6 
embryos. Only one antibody, designated no. 
48 antibody, reacted specifically with a 
yolk free region in the blastomeres with 
the GP. It was further confirmed in poly- 
ester wax preparations of stage-6 embryos 
that the no. 48 antibody reacted, certainly 
, with a granular, yolk free cytoplasm, the 
GP, in the vegetal pole region. Localiza- 
tion of the cells, with which the antibody 
reacted, was investigated in polyester wax 
preparations of embryos extending from 
stage 10 to stage 46. Until stage 36, the 
localization was in good agreement with 
that of presumptive primordial germ cells 
or cells containing the GP. Therefore, it 
is concluded that no. 48 antibody is speci- 
fic for the GP, until stage 36. 


2 
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PURIFICATION AND PROPERTIES OF CORTICAL 
GRANULE LECTIN IN XENOPUS EGGS 

l= Yoshizalc.. Dept aol sBwOl sella CresOus 
CeraSreal Wells, Carol Wiealtyo 5 Galt. 


Purification and partial characteriza-— 
tion was made of the cortical granule (CG) 
lectin that participates in forming the 
MGiccillaizeoaoima (lt)) LAs~@ic aia KSiaoows, LASWALS 
Through purification by chromatography on 
Sepharose 6B and Concanavalin A-conjugated 
Sepharose 4B columns and by electrophore- 
Gucal Extraction) from polyacrylamide yee, 
about 400 pe of purified CG lectin was 
obtained from 5 mg of crude CG exudate. 
The CG lectin has a molecular weight of 
550 Kd and is composed of two species of 
polypeptides (46 Kd and 42 Kd). A single 
precipitine line appeared during the ag- 
gslutination reaction between the CG lectin 
and the prefertilization (PF) layer mate- 
rial on an agarose plate. The agglutina- 
tion reaction involved D-galactoside resi- 
dues and metal ions. When the oviducal 
eggs enrobed in the PF layer were treated 
naigia wie CE leCusia, aid SlO@erirOd—cClemseS 
layer formed on the outer surface of the 
Vaivelline Coat, while when 7elilved eggs 
WEIS WigSEwScl walela wine CG ecwiin, wae 
electron-dense layer formed on the outer 
SULACS OY wae jSlly layer ous mow Om whaiv 
Oe elas WwalweililaiaSe COaw, Allwaougia vide Wey 
Cala Ae@eilvigaaacSe walwuia wae CG lecuim, wae 
possibility that the jelly layer is the 
site of F layer formation was excluded 
DSCAUSS wae Pit layer as wae rirsy TO meee 
wine CG lee@wilim iim MmornAal werpilligacion. 
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CHANGE IN NUMBER OF GERM CELLS IN THE 
COURSE OF GONADAL DEVELOPMENT IN BUFO 
JAPONICUS FORMOSUS 

Akihiko Tanimura and Hisaaki Iwasawa. 
jsavoll “Minhas 7 IMstabeerteel Winsiiy5 5 IilaGeneal 


The gonadal regions of larvae and young 
toads in various developmental stages were 
fixed in Bouin's solution and paraffin- 
cross sections of the gonads were made 
serially at 5 um, and stained with Masson 
trichrome. Germ cells were classified in- 
EO 4 stages), trices paimanya gontallsecon 
dary gonia, leptotene-pachytene oocytes 
and diplotene oocytes, and the number of 
cells in each stage was counted. The 
number of abnormal auxocytes occurring in 
Bidder's organs reached a peak of 300-400, 
which accounts for 10-15% of the total 
number of germ cells found in Bidder's 
Organs, at 6 days after metamorphosis. 
Thereafter, normal oocytes rapidly in- 
creased in number. Concerning the pattern 
of change in the number of germ cells, the 
female Bidder's organs were different from 
the male ones, but were similar to the 
Ovaries. At 13 days after metamorphosis, 
a sexual difference in gonadal structure 
appeared, and by then the ovaries contain- 
ed a larger number of germ cells than the 
testes. Thereafter, the number of germ 
cells showed a more marked increase in the 
War les eed ee Ene ny mCeStes a wands ethitits 
phenomenon may be due to a remarkable in- 
crease in the number of secondary oogonia 
and oocytes on the ovaries. 
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FACTORS WHICH DETERMINE THE NUMBER OF PRIMORDIAL 
GERM CELLS (PGCS) IN XENOPUS LAEVIS. 


Y. Akita and M. Wakahara, Zool. Inst., Fac. Sci., 
Hokkaido Univ., Sapporo. 


Correlation of the number of the primordial 
germ cells (PGCs) at N-F stage 47 with the amount 
of the germ plasm at the 8-cell stage and with the 
number of the germ plasm-containing cells (GPCCs) 
was analysed using two different laboratory-raised 
colonies of Xenopus laevis, HD and J groups. The 
average number of PGCs in J group tadpoles was sig- 
nificantly larger than that in HD group tadpoles. 
The amount of germ plasm in J group embryos was 
also demonstrated to be larger than in HD group 
embryos. The amount of the germ plasm was related 
positively to the number of GPCCs at the 8-cell 
stage and to the resulting number of PGCs; embryos 
which contained larger amount of germ plasm deve- 
loped larger numbers of PGCs at stage 47. 


The average number of PGCs in experimentally 
induced triploid tadpoles was exactly two-thirds 
of that in normal diploid tadpoles. Furthermore, 
in somatic cells (eg. epidermis, muscle, pancreas), 
the number of cells in the triploid was also two- 
thirds of that in diploid tadpoles. 


These findings suggest that the number of PGCs 
is regulated by at least two different mechanisms: 
First, the number of PGCs is primarily specified 
by the intrinsic amount of germ plasm in the ferti- 
lized egg. Second, it is regulated by an unknown 
mechanism which controls the total number of cells 
of whole embryos, such as the nucleo-cytoplasmic 
ratio. 
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MOLECULAR MECHANISM OF THE COELOMIC TO 
VITELLINE ENVELOPE CONVERSION IN XENOPUS 
LAEVIS EGGS. 
M. Bakos and J.L. Hedrick, Dept. of Biochem. 
& Biophys... Univ. of Calli forndanD aueiommelioes 
The glycoprotein envelope from the coe- 
lomic egg (CE) is different from that of 
the oviposited egg (VE): 1) different ultra 
structures, 2) the VE is penetrable by 
sperm whereas the CE is not, 3) the CE con- 
tains a 43K glycoprotein which can be 
laAbDeLed wiltin L255 am situ; the VE contains 
41K glycoprotein which cannot be labeled 
wate LZ sim Siem amg a 57K protein, and 
4) they have different physical properties. 
The CE is converted to the VE in the pars 
recta (PR) region of the oviduct. We in- 
vestigated the oviductal factors responsi- 
ble for CE-VE using fluids from estradiol 
and A23187 stimulated PR tissue cultures. 
The isolated CE was converted to the VE by 
the addition of PR fluid as determined by 
melting studies, ferritin binding wee com 
labeling, glycoprotein composition (SDS- 
PAGE; 43-41K and addition of 57K) stiffness 
measurements, and fertilizability of the 
eggs. PR fluid contained an Arg specific 
Ser active site peptidase activity. We 
suggest that the 57K envelope component 
added to the CE as the egg transits the PR 
may be the peptidase that hydrolyzes the 
43K component. This molecular processing 
event triggers the conformational and ultra- 
structural changes thus producing functional 
changes in the egg envelope. Supported by 
USPHS grant HD4906. 


Se 
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DETERMINATION OF REGIONAL SPECIFICITY OF 
ANURAN LARVAL SKIN. 

T.Kinoshita, F.Sasaki, H.Takahama and 
K.Watanabe. Dept. of “Biol.,- Scnool of 
Dent. Med., Tsurumi Univ., Yokohama. 


Prospective skin of embryos or larval 
skin of Rana japonica was reciprocally 
transplanted between back and tail of the 
same animal at various developmental 
stages from neurula to the climax of meta- 
morphosis. The phenotypic expression of 
the grafts was examined after metamorpho- 
sis. Most of the tadpoles operated at 
neural stage showed no sign of regional 
specificity. However, specificity- 
positive tadpoles appeared in significant 
number during a period from late neurula 
to tail-bud stage. When skin grafting was 
performed at larval stages, almost all of 
the tadpoles showed regional specificity 
both in tail and back. These results 
suggest that regional specificity of 
anuran larval skin is determined in pro- 
spective regions of back and tail at the 
late neurula to tail-bud stage. In 
addition, histological examinations showed 
Biase ne cerocopically grafted skin 
expresses regionally specific phenotype in 
the same manner and with the same time 
schedule as host skin. Tail epidermis, 
however, maintained cellular viability on 
back beyond metamorphosis. 
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XENOPUS EGG CYTOPLASM ACCELERATES 
CYTOPLASMIC CYCLE OF NEWT EGG 

M. Sakai and T. Morino. Dept of Biol., 
Fac. of Sci., Kagoshima Univ. Kagoshima. 


Nucleus-independent cyclic cytoplasmic 
changes seen in the amphibian egg have 
been suggested to control the cleavage 
tempo. Here, using colchicine injected 
eggs, temporal and spatial patterns of 
cyclic changes of newt egg injected with 
Xenopus egg cytoplasm were studied. 

One pair of newt eggs from the same 
batch were injected with colchicine 
(img/ml, 10nl) about 5 hours after 
insemination, thereafter one of them was 
injected with cytoplasm (100n1) froma 
fertilized Xenopus egg while another 
served as a control. The control egg 
(injected with colchicine only) showed 
cyclic rounding-up and relaxing movement 
at 200-250 min intervals however, the 
intervals of the fragment injected with 
Xenopus egg cytoplasm shortened to 
100-150 min which is an intermediate 
cycle time of newt and Xenopus eggs. 
Further, time-lapse cinemicrography 
revealed that the surface contraction 
waves started from the point of injection 
of Xenopus cytoplasm, suggesting that 
this cytoplasm acts as a "pacemaker". 

On the other hand, injection of newt 
cytoplasm into Xenopus eggs and 
injection of cytoplasm from the same 
species did not affect the cycle time of 
the rounding-up and relaxing movement. 
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GREATER RESTING MEMBRANE POTENTIAL IN THE 
"ORGANIZER" REGION OF EARLY AMPHIBIAN 
EMBRYOS. 1 > 1 

N. Nakatsuji and T. Mizuta. Div... of 
Developmental Biology and 2Div. of Pharma- 
cology, Meiji Institute of Health Science, 
Odawara. 

The Dorso-marginal zone of the early 
amphibian embryo is called the "organiza- 
tion centre" or "Organizer," because it 
starts gastrulation movements, induces the 
neural plate formation, and differentiates 
into axial mesodermal organs. Recent 
studies suggest that the organizer region 
acquires such ability epigenetically at 
morula or early blastula stages. 

We measured resting membrane potential 
of blastomeres by using 3M KCl-filled glass 
microelectrodes mounted on a micromanipu- 
lator. The intracellular potential was 
amplified, monitored on an oscilloscope, 
and recorded on a pen recorder. Cells in 
the dorso-marginal zone of early gastrulae 
of the Japanese newt (Cynops pyrrhogaster) 
had greater resting membrane potential when 
compared with other parts of the embryo. 
Such localized greater membrane potential 
appeared in the dorso-marginal zone at 
early blastula stage in Xenopus laevis 
embryos as the first physicochemical 
differences when this region acquires its 
ability of the organization centre long 
before the beginning of gastrulation. 
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A NATURAL MARKER FOR BLASTOMERES OF GERM 
LINE IN CLEAVAGE STAGE XENOPUS EMBRYOS. 

K. Ikenishi and S. Nakazato. Dept. of Biol. 
, Fac. of Sci., Osaka city Univ., Osaka. 

A distinct dark area of vegetal pole re- 
gion, against a light color of other areas 
in vegetal hemisphere, was investigated in 
cleavage stage Xenopus embryos with special 
reference to the “germ plasm". The dark 
area, not seen in the vegetal pole region 
of the fertilized and uncleaved eggs, was 
first perceived macroscopically at just 
after the first cleavage. It became much 
clearer after the second cleavage and could 
be detected until late blastula stage. The 
area was recognized in embryos of almost 
all batches but in a few batches it was 
fairly faint. Light and electron microsco- 
pic observations showed that many pigment 
granules were concentrated around the "germ 
plasm", resulting in the formation of the 
dark area. In 32-cell stage embryos, it 
was determined that the number of the bla- 
stomeres with the dark area in an embryo 
was in agreement with that of those con- 
taining the plasm, and that the plasm was 
always present in the isolated blastomeres 
with the area while never seen in those 
without it. Therefore, from this macrosco- 
pic feature, the presence or absence of the 
dark area, it is possible to distinguish, 
with certainty, the blastomeres of the germ 
line from those of the somatic. 
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DEPENDENCE ON GERMINAL VESICLE OF THE 
PERIODIC ACTIVITIES EMERGING IN ACTIVATED 
ANURAN EGGS. p ee 
K.Ohsumi', A.Shinagawa* and Ch. Katagiri . 
1eei Iie WO Cloy Whistahwyo5 SEIDIDOICO 5 
Dept. Biol. Yamagata Univ., Yamagata. 

When denuded mature eggs of Bufo bufo 
and Xenopus laevis were activated by elec- 
tric shock or pricking, the eggs showed a 
quick rounding-up and flattening immedi- 
ately after activation(activation re— 
sponse) following by the periodic round- 
ing-up and flattening corresponding to 
intervals of early cleavage cycles. When 
the oocytes from which the germinal vesi- 
cle(GV) had been removed before hormone 
treatment were activated, the eggs showed 
the activation response as in nucleated 
control eggs but did not show the periodic 
changes thereafter, although in some cases 
weak flattenings not related to cleavage 
cycle were observed. ia AelelaiglOm, WaAe 
ipl Sidinaer OL LO Way WME BOwlWEwiloOm wo 
sponse in enucleated eggs was in a sig- 
nificantly lower degree than in nucleated 
controllleggs. Both’ the degree om relaxa— 
tion and the periodic changes of regidity 
were restored to a normal level when GV 
was injected back to enucleated oocytes, 
provided reinjection was made before the 
eS [DOA lOOChy SwWaAsSLOM SoeQgec  IMdose 
results indicate that the relaxation of 
activated eggs is an active property which 
is establised under the influence of GV 
and is indispensable for the occurence of 
early cleavage cycles. 
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pH VALUES OF THE INNER REGIONS OF NEWT EM- 
BRYOS. 

T. Asao. Biol. Lab., St. Marianna Univ., 
School of Medicine, Kawasaki 


To elucidate problems in early embryonic 
development, detailed information concern- 
ing embryos is necessary. We measured the 
pHs of the blastocoel and archenteron of 
newt embryos directly by means of a newly 
developed device for pH measurement, ISFET, 
using semiconductors, which is character- 
ized by rapid response and easy operation. 
The blastocoels of the blastula and gastru- 
la were fairly alkaline, 8.9 and 8.8, 
respectively, and this reflects the report 
on the alkalinity of the blastocoel fluid 
as measured by a non-direct technique more 
than 30 years ago. Regional difference of 
the pH in the inner cavity of middle gas- 
trula was not detected. The pH of the 
archenteron of the early neurula was also 
found to be alkaline, 9.4. The role of the 
alkalinity of the inner cavities in devel- 
opment remains obscure. The results also 
showed that the near surface regions of 
blastula and early gastrula were slightly 
more acidic than the surrounding solution. 
On the contrary, this phenomenon disappear- 
ed in the late gastrula and early neurula. 
It is suggested that there may exist proton 
pumping activity in a single layered embryo 
like a blastula. The pH of the intracapsu- 
lar fluid has previously been reported to 
be 7.5 by the author. 
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PREPARATION OF MONOCLONAL ANTIBODIES 
AGAINST XENOPUS LAEVIS GASTRULAE. 

K. Itoh and H. Y. Kubota, Dept. of Zool., 
Fac. of Sci., Kyoto Univ., Kyoto. 

Twenty-five monoclonal antibodies 
raised against Xenopus laevis gastrulae 
were produced. Two experiments were 
carried out to investigate their effects 
on the morphogenetic movements. One 
experiment is incubation of developing 
embryos in 1/10 Steinberg's solution 
including the antibodies. The other is 
microinjection of the antibodies into the 
blastocoel of late blastulae or early 
gastrulae. 

In the former experiment, one out of 
fifteen kinds of the antibodies had 
remarkable effects on the morphogenetic 
movements. This antibody recognized all 
the outer cell surface of the embryos. 
The embryos were tail deficient and still 
retained the yolk plug at the tail bud 
stage. This probably resulted from 
inhibition of epiboly by the antibody. 

In the latter experiment, some of the 
injected antibodies caused abnormal 
embryos with various degrees of defects. 
They could be classified into five groups 
according to the defects in the head 


region --- small head or small eyes, 
without eyes, without head, only neural 
plate, and exogastrula. These defects 


may be due to inhibition of the mesodermal 
cell migration because most of the 
effective antibodies recognized the 
mesodermal cell surface. 
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CYTOSOLIC FREE CALCIUM IS RELEASED IN THE 
LIGHT ZONE OF THE ACTIVATION WAVE IN THE 
EGGS OF XENOPUS LAEVIS. 

Isl Wo Kubota!, ee Yoshimoto2, M. Yoneda!, 
and Y. Hiramoto2. lDept. of Zool., Fac. 
of (Scilla, Kyoto Unaversity, kyOcor 2Div. 
of Cell” Prolwtts, Natalee, Insiten homesacte 
Biol., Okazaki. 


Spatiotemporal pattern of cytosolic 
free calcium release in activated Xenopus 
eggs was determined by the luminescence of 
aequorin which had been microinjected into 
the egg. The aequorin luminescence was 
detected by a photon-counting image pro- 
cessor, Hamamatsu Photonics C1966-20. In 
order to examine the relation between the 
zone of cytosolic free calcium and that of 
the activation wave, microscopic images by 
luminescence and by incident light were 
recorded alternately in the same egg. 

A free calcium wave appeared around the 
pricking point 30-60 sec after prick-acti- 
vation. This wave propageted in the cor- 
tical cytoplasm of the activated egg as a 
circular zone with a velocity of about 8.5 
pm/sec. This wave reached the antipode 
about 6-7 min after prick-activation. 
Alternate recordings of the calcium wave 
and the activation wave revealed that the 
zone of a free calcium wave corresponded 
to the light (relaxation) zone of the ac- 
tivation wave, where exocytosis of corti- 
cal granules and elongation of microvilli 
were taking place. 
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CHARACTERIZATION AND CELL CULTURE OF TUMOR 
CELLS OCCURRING IN Xenopus laevis 

M.Asashi a T.Takuma’, T. Sasaki’ and S. 
Komazaki . Dept. of Biology, Yokohama City 
niv., 22-2 Seto, Kanazawa-ku, Yokohama236. 
Dept. of 2nd Anat. Saitama Medical School, 
Morohongo, Iruma-gun, Saitama 350-04. 

Eight adults of Xenopus laevis bearing 
tumors on their bodies have been found in 
the ponds. Each tumor had a necrotic region 
in the inner part, but the middle and outer 
parts of tumor region consisted of irregu- 
larly-shaped melanophore-like cells,fibrous 
cells and round cells. Some cells in which 
melanine granules were not seen reacted to 
DOPA test. In the nuclei of the middle and 
outer parts of neoplasia, virus-like parti- 
cles were observed. In the middle part 35 
out of 241 cells were found to carry the 
particles, whereas in the outer region the 
corresponding figure was 4 out of 196. 
These particles in the tumor cells seem to 
be herpes-virus, because (a) they occur 
first in the nuclei, (b)their size is bet- 
ween 0.12 and 0.25 pm and (c) they possess 
a hexagonal form. The pieces of the tumor 
cells were cultured in the amphibian cult- 
ure medium at 25°C. After 2 weeks, the 
cells in the pieces were grown out and 
spread over the plastic dish on the bottom. 
After trypsinization, the cells were cult- 
ured further in a sub-culture of the same 
medium. Four typical cell figures were 
observed in the sub-culture. They were 
melanophore cells which produced melanine 
granules, nerve cells, fibrous cells and 
undifferentiated round cells. 
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IN VITRO DECONDENSATION OF NEWT SPERM 
NUCLEI. 

S.-I. Abe, Dept. of Biol., Fac. of Science, 
Kumamoto Univ., Kumamoto. 

In order to investigate the structure 
of sperm nuclei, in vitro decondensation 
of newt sperm was performed in various 
conditions. Mature sperm pretreated with 
1% Triton and 5mM DTT was incubated in 
NaCl, SDS or proteolytic enzymes. Without 
pretreatment with DTT, nuclei did not 
decondense upon application of any of 
those reagents. When 1M NaCl was applied 
after pretreatment with Triton and DTT, 
nuclei swelled instantly and became in- 
visible after 24hr while the perforatorium 
and nuclear ridge filaments remain visible. 
Brief treatment with 0.01-0.1% SDS made 
nuclei swell instantly and reveal distinct 
lateral striations throughout the nuclei. 
With 0.5% trypsin(T) or chymotrypsin (CT) 
plus 1mM EDTA, nuclei decondense and 
finally disappear, whereas they keep a 
little bit swollen state in the presence 
of 1lmM CaCl2 or MgCl2. When the nuclei 
were swelling in the presence of 0.5%T or 
CT plus EDTA, distinct lateral striations 
were observed. With T or CT of lower con- 
centration, nuclei decondense irrespective 
of the presence of Cat+, Mgtt or EDTA. 
Acid Urea PAGE revealed that 0.05-0.5%CT 
degraded all the testes-specific(TS) 
proteins of newt sperm either in the 
presence of Ca++ or EDTA. Analysis of non- 
histone proteins after degradation of TS 
proteins is now under progress. 
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WOUND HEALING IN FURROW REGION OF THE 
NEWT EGG. 
T.Sawai. Dep. of Biol., Fac. of General Education, 


Yamagata University, Yamagata. 


In cleaving eggs of the newt, Cynops pyrrho- 
gaster, some attempts were made to analize the 
mechanism of furrow formation; (1) a small cut was 
made to the cortex of the furrow region with a fine 
glass needle, (2) a part of ‘contractile ring' was 
removed from the furrow bottom, or (3) cortical 
transplantation was made in the furrow region. 

(1) Directly after the cutting, the wound was once 
opened by pulling force of bisected 'contractile 
ring' of the furrow bottom. Immediately after that, 
the opened wound began to heal rapidly, and closed 
completely several minutes later. The advance of 
the cleavage in such eggs was little disturbed 
during this process. When the cutting was made 
at 2 to 4 points, the wound healing in each point 
occurred in the same process as that of above case, 
but the furrow formation was disturbed at the 
region between the two wounds in many cases, 
where the furrow temporarily degenerated during 
the wound healing. At the site, the furrow appear- 
ed again after the wound completely closed. (2) 

A part of 'contractile ring' was removed from the 
furrow bottom in a length of 1/3-1/2 of a egg 
diameter. The narrow incision closed in a short 
time, and the furrow formed again at the region. 
(3) A part of the cortex was removed from the 
furrow region, and a piece of the cortex taken 
from another egg was transplanted there. The 
furrow formation occurred on the graft. 

These results were discussed in relation to the 
furrow formation of amphibian eggs. 
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DISTRIBUTION OF BLOOD GROUP ANTIGEN A IN 
TISSUES OF THE BULLFROG, Rana catesbeiana. 
M.Kaiho and I.Ishiyama. Department of 
Legal Medicine, University of Tokyo, 


Hongo, Tokyo. 


Blood group antigen A was detected 
histologically by the indirect immuno- 
peroxidase technique using antisera for 
human antigen. Specific staining occurred 
in pancreas and skin. In pancreas, the 
reaction was limited to the exocrine 
acinar cells. In these cells, secretory 
granules and the cell surfaces of both 
apical and basolateral sides were stained. 
In the young larva, 7 mm in length with 
external gills, positive reaction was 
first ascertained in the pancreatic rudi- 
ment. In the skin, multicellular glands 
differentiate during the prometamorphosis. 
In these glands, strong reaction was obser- 
ved on the duct cells. 

Although epidermis in any part of the 
larvae was negative until prometamorphic 
stage, those of the body and limb came to 
be stained at the beginning of the climax. 
In them, cell surfaces in the stratum 
spinosum were stained. On the other hand, 
the epidermis of the tail portion remained 
negative consistently. The findings on 
the epidermis suggest that the blood group 
antigen A is profoundly related to the 
histological development of the skin 
during metamorphosis. 
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SPATIO-TEMPORAL CELL DIVISION PATTERN 
DURING GASTRULATION OF THE EMBRYO OF THE 
ASCIDIAN HALOCYNTHIA RORETZI. 

H.Nishida. 

Dept. of Zool., Kyoto Univ., Kyoto 606. 


A description of cell lineage is the 
basis for studying mechanisms involved in 
embryonic development of animals. With 
the aid of scanning electron microscopy, 
the spatial and temporal pattern of cell 
divisions during gastrulation of the em- 
bryos of the ascidian Halocynthia roretzi 
was analysed and described up to the 306- 
cell stage. After the 64-cell stage 
asynchrony of cleavages became apparent. 
Gastrulation started around the 110-cell 
stage and a late gastrula consisted of 
about 300 cells. 

The division pattern of cells in the 
animal hemisphere was rather simple, while 
that of cells in the vegetal hemisphere 
was very complicated. But the spatio- 
temporal cell-division pattern was highly 
invariant. There was no appreciable 
variation from one embryo to another. 
Such an invariant cell division pattern in 
ascidian embryos will guarantee the exact 
segregation of cytoplasmic determinant. 
The results obtained in the present study 
almost coincided with Conklin's descrip- 
tion (1905). The cell lineage of the 
neural tube was also described. 


DB 51 


MONOCLONAL ANTIBODIES AGAINST THE EMBRYO 
OF THE ASCIDIAN, Halocynthia roretzi. 

= J2ANRMP I = 

I. Mita-Miyazawa, T. Nishikata, and N. 
Satoh. Dept. of Zool., Fac. of Science, 
Kyoto University, Kyoto. 

Monoclonal antibodies (Mabs) were 
raised against the ascidian embryo. The 
hybridomas were screened with an indirect 
immunofluorescence by the reaction with a 
certain tissue or a unique region of the 
embryo. 

The Mabs were devided into four catego- 
ries: 1) Those that reacted with the anti- 
gens restricted to the outer part of the 
egg; 2) those that bound to the boundaries 
of the tissues and the cells; 3) those 
that specifically bound to a single tissue; 
4) those that existed in the cleaving egg 
and segregated into the specific part of 
the embryo at later stages. 

In this report, we showed 9 Mabs of the 
category 1 and 5 Mabs of the category 2. 

Category 1: Under an immunofluorescence, 
these Mabs stained i) substances exist in 
the perivitelline space (Pvi1-3), ii) 
EOC eo lus (il) tine) chorion seh) \e 
iv) surface of embryos (Ou1-2), v) tunic 
(T1), and iv) sperm (Sp1), respectively. 

Category 2: One of them bound to the 
outer part of the endoderm during stages 
between neurula and middle tailbud. The 
other 4 Mabs showed different staining 
patterns, but all of them bound to 
boundaries of specific cells or tissues 
only after tailbud stage. 
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MONOCLONAL ANTIBODIES AGAINST THE EMBRYO 
OF THE ASCIDIAN, Halocynthia roretzi. 

= IP/ANRMIY IDIt = 

T. Nishikata, I. Mita-Miyazawa, and N. 
SEEOlNG DAVES OW 4OOlSG, MC. OF Soi. . 
Kyoto University, Kyoto. 

Monoclonal antibodies (Mabs) were 
raised against the ascidian embryo. They 
were devided into four categories as shown 
in Part I. In this part, we showed 4 Mabs 
of the category 3 and 3 Mabs of the 
category 4. 

Category 3 ; Two Mabs were epiderm 
specific and the other two were muscle 
specific. These Mabs may be used for 
tissue-specific differentiation markers. 
In addition, using these Mabs, we may 
study the function of these antigens as 
well as the genes for the antigens in the 
level of molecular biology. 

Category 4 : One Mab which bound to the 
animal half of the cleaving egg, were 
segregated into some specific blastomeres 
and restricted to the epiderm, brain and 
some other tissues of the prehatched 
embryo. Such segregation pattern looked 
like that of the so-called "ectoplasm". 

Another Mab bound to the "myoplasm" of 
the early cleavage egg then distributed 
mainly into the presumptive and : 
differentiated muscle cells. These two 
Mabs may be good probes for studying the 
cytoplasmic determinants. 

The last one bound to the surface of 
the egg or something in the perivitelline 
space. 
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THE CONSTRUCTION OF GENOMIC LIBRARY OF THE 
ASCIDIAN, HALOCYNTHIA RORETZI. 

Ra iseieebe! K.Okazaki“, K.Yasuda2, and N. 
Satoh. JlDept. of Zooll., KyovomUnaneummama 


2Dept. of Biophysics, Kyoto Univ., Kyoto. 


It is basic and important to study the 
mechanisms of cell differentiation of 
embryos in view of molecular biology. In 
spite of many descriptive and experimental 
studies on ascidian embryos, there are 
little molecular biological investigations. 

We found that the genome of the ascidian 
H. roretzi consisted of 10° base pairs. 
For the basis of molecular embryological 
study, the genomic library wae constructed 
with AEMBL3 as a vector (3X10° PFU/m1). 
The genomic library established seemed to 
cover more than 95% of the genome. 

The histone gene of H. roretzi was mo- 
lecular cloned from this library and se- 
quenced on trial. This gene had the same 
features as other organisms have and coded 
the same amino acid sequence. Results of 
Southern hybridization experiments suggest— 
ed that the histone genes existed ina 
cluster form in the genome. It was shown 
that the genomic DNA contained very long 
repetitive DNA, but the histone genes did 
not belong to the repetitive DNA. 
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STUDIES ON THE SPAWNING OF THE ASCIDIANS 
CIONA SAVIGNYI AND CIONA INTESTINALIS. 
Z.Hoshino!, T.Numakunai-, M.Suzuki! and S. 
Suzukil. 1Dept. of Biol., Fac. of Educ., 
Iwate Univ., Morioka, 2Mar. Biol. Stat., 


Tohoku Univ., Aomori. 

It has been generally said that "Ciona 
intestinalis" sheds gametes at dawn in na- 
ture, and can be induced to spawn by expo- 
sure to light following dark-adaptation in 
laboratory experiment. On the other hand, 
it has been reported that the spawning oc- 
curs during the evening and night. The 
spawning of the ascidians, Ciona savignyi 
and Ciona intestinalis, was observe y 
means of the egg collectors or beakers of 
sea water. It was confirmed that, in the 
seasons of higher water temperature, Ciona 
Savignyi spawned at dawn and could be in- 
qusas to spawn in response to light fol- 
lowing darkness, and Ciona intestinalis 
spawned in the evening and could be in- 
duced to spawn by subjecting them to dark- 
ness following light period. It seems that 
after Ciona savignyi kept in the dark is 
introduced into pha al sen it is obliged 
to squirt at frequent intervals for some 
time. Then while squirting the animal re- 
leases gametes. In Ciona intestinalis, on 
the contrary, squirting is caused by plac- 
ing light-adapted animal in the dark. In 
the lower water temperature, the behav- 
ioural rhythm was fallen into disorder 
both in Ciona savignyi and Ciona intesti- 
nalis. 
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MITOSIS AND BODY PATTERNING DURING PALLEAL 
BUDDING IN ASCIDIANS. 

K. Kawamura and M. Nakauchi. Dept. of Biol. 
Macs O© Sci.; Kochi Univ., Kochi. 


The spatiotemporal distribution of mitosis 
during morphallactic development of palleal 
buds in the ascidian, Polyandrocarpa misak- 
iensis, has been studied histologically in 
the presence or absence of colchicine. 
Local cell division became evident at the 
proximal end of the inner, atrial epithe- 
lium of 1.5-day intact buds, showing that 
the primary cell activation took place. In 
2-day intact buds, mitotic activity spread 
Out from the proximal end toward the late- 
ral epithelial wall that had the lower ( 
more anterior) positional information, ref- 
erred to as the secondary cell activation. 
These two activation sites were the presum- 
ptive domains of the gut and pharyngeal 
rudiments. When bud pieces with different 
positional information were juxtaposed, 

the primary mitotic activity was enhanced. 
Two positional information gaps that were 
constructed in a single bud induced two 
primary cell activation, resulting in an 
additional gut rudiment. On the other hand, 
Surgical manipulations to induce the rever- 
sal of bud polarity altered the locality of 
the secondary activation and of the pharyn- 
geal domain. Thus, it is concluded that 
positional information in ascidians cont- 
ributes to the morphallactic body pattern- 
ing of palleal buds by specifying the mag- 
nitude and locality of cell division. 
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THE ROLE OF CELL CYCLE IN MORPHALLACTIC 
DEVELOPMENT OF PALLEAL BUDS IN ASCIDIANS. 
K.Kawamura and M.Nakauchi. Dept. of Biol. 
Bac. of Seis, Kochs Univ...» Kochi 


The effect of cell cycle inhibitors on 
anteroposterior body patterning of palleal 
buds in the ascidian, Polyandrocarpa misa- 
kiensis was investigated histologically. 
Colchicin (1.5mM) blocked cell cycle at 
M phase but had no significant effect on 
the formation of the gut rudiment even 
after continuous treatment for 48 hours. 
Theophyllin (lmM) and 3-isobutyl-l-methyl 
xanthine (0,5mM) completely inhibited bud 
development. One mM dibutyryl cyclic AMP 
(DBcAMP) also exerted an inhibibory effect, 
but lmM DBcGMP did not. The results of 
colchicine treatment showed that lmM theo- 
phylline in which the gut rudiment never 
formed caused the mitotic activity to de- 
crease to 5% as compared with control buds, 
indicating that cell cycle of most cells 
were blocked before M phase. Aphidicolin 
(6pg/ml) also inhibited the gut rudiment 
formation. Mitotic figures were never ob- 
served. However, when buds were treated 
with aphidicolin from 12 hours after the 
bud isolation from its parent onwards, one 
half of the buds formed the rudiment. These 
results suggest that in this morphallactic 
development a definite number of cells are 
required to pass through S phase, although 
cell division is not necessarily required. 
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DEVELOPMENT AND METAMORPHOSIS OF THE SEA- 
STAR, Pseudarchaster parell. 

Y.T. Kanol, M. Komatsu2 and C. Oguro2 


1 Vozu Aquarium, Toyama, . Dept. of Biol., 
Toyama Univ., Toyama. 

Very little has been known on the breed- 
ing and development of bathybic sea-stars. 
Pseudarchaster pareli is a circumboreal 
Species and inhabits 200-300 m depth in 
Toyama Bay. While rearing the adults in the 
aquaria at 7°C, natural spawning occurred 
and fertilized ova were obtained. These 
ova developed normally. Fertilized ova were 
ca.800 pm in diameter, orange in color, en- 
veloped in jelly layer of ca.150 pm thick 
and floating. Cleavage is total and radial. 
One and 2 days after fertilization, embryos 
were in the early blastula and wrinkled bl- 
astula stage, respectively. Five days after 
fertilization, invagination began while the 
embryos were still wrinkling. Hatching took 
place 7 days after fertilization. The hat- 
ched gastrulae, 480 pm in length and 800 pm 
in width, were swimming. The 3 week larvae 
bore 3 brachiolar arms. About 25 days after 
fertilization, the brachiolariae sank to 
the bottom and metamorphosis began. At- 
tachment to the polychaete tubes seems to 
stimulate the initiation of metamorphosis. 
Metamorphosis proceeded slowly and about 4 
months after fertilization, metamorphosis 
completed. Juveniles just after the comple- 
tion of metamorphosis measured 1,100 pm in 
diameter and bore 2 pairs of tube-feet and 
Single terminal tentacle in each arm. 
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SPERMATOGENESIS IN ASTERINA MINOR 
A. Yamagata. Dept. Biol. Tokyo Women's 
Medical College, Tokyo. 


The ultrastructural features of sperma- 
togenesis were investigated in the hermaph- 
roditic sea star, Asterina minor. 

The primordial germ cells in genital 
rachis contain small electron dense materi- 
al (germinal granule) and a stack of annu- 
late lamellae. They also have a flagellum 
and the basal body complex situated close 
to the Golgi complex. After the develop- 
ment of genital rachis into ovotestis (Ya- 
magata,1982), spermatogenic cells increase 
in number and the differentiation starts in 
the ovotestis. Electron dense material is 
observed in spermatogonium, however, gradu- 
ally disappears in spermatocyte. The annu- 
late lamellae do not exist from the early 
spermatogonial stage. On the contrary, 

a flagellum and the basal body complex are 
found throughout spermatogenesis. The 
Golgi-derived proacrosomal vesicles appear 
in the spermatocyte and coalesce to form an 
acrosomal vesicle in early spermatid. The 
process of the acrosome formation is fol- 
lowings; 1. Lamella of ER being continuous 
with outer nuclear membrane encloses more 
than half of the acrosomal vesicle. 2. 
Periacrosomal material accumulates in the 
space between acrosomal vesicle and ER. 

3. Nucleus proper moves to encircle the 
acrosome forming a nucleus depression. 4. 
Nucleus forms subdepression in the central 
region of the depression. 

Biol Iwi, OZ (198Z) 
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SORTING OUT OF EMBRYONIC ENDODERMAL CELLS 
OF THE STARFISH. 

M.Dan-Sohkawa and H.Kaneko. Dept. of Biol, 
Osaka City Univ., Osaka. 

We have found that the stomach region 
of a bipinnaria, the larval form of the 
starfish, reacts positively to a fluores- 
cent dye, 8-anilino-l-naphthalenesulfonic 
acid (1,8-ANS). This reaction is first 
detected during the late gastrula stage and 
is maintained by cells dissociated from the 
embryo. We have used this property as a 
marker of the stomach cells and have traced 
their fate through the earlier process of 
reconstruction. 

Fluorescent positive stomach cells 
were obtained from embryos treated for 20 
min with 10-4 M 1,8-ANS at the mouth forma- 
tion stage. In order to eliminate ectoderm- 
al cells, which are no longer capable of 
reconstruction, archenteron was isolated 
from these embryos by submitting them to 
gentle pipetting with a Komagome pipette in 
1.2 M glycine. Cells dissociated from iso- 
lated archenterons were mixed with cells 
obtained from untreated late gastrula. 

Fluorescent positive cells, which were 
distributed randomly in the reaggregate at 
the beginning, became more concentrated in 
the interior mass of cells by 18 hrs and 
were found only in the endoderm by 38 hrs. 
This result shows that embryonic cells of 
the starfish are capable of recognizing 
cells of different tissues and that they 
sort out according to cell types during the 
earlier process of reconstruction. 
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BIOCHEMICAL CHANGES IN CAFFEINE-ACTIVATED 
STARFISH OOCYTES: OXYGEN CONSUMPTION, RE- 
LEASE OF OVOPEROXIDASE AND DNA SYNTHESIS. 


A.Hino , Gewachtleanticn S.Nemoto?. lnept.of 
Biol., Nagoya Univ., Nagoya, 2Lab. of Biol. 
Hitotsubashi Univ., Tokyo and 3Tateyama 
Marine Lab., Ochanomizu Univ., Chiba. 

Caffeine activates starfish oocytes and 
induces parthenogenetic development through 
Suppression of polar body formation (Obata 
& Nemoto, Biol. Bull., '84). We examined 
oxygen consumption and ovoperoxidase 
activity of oocytes activated by caffeine. 

On the activation by caffeine treatment, 
there induced a transient burst of oxygen 
consumption concurrently with the elevation 
of the fertilization membrane (FM). The 
burst was inhibited by procaine and was 
KCN-insensitive, suggesting that it is 
caused by the exocytosis of cortical gran- 
ules. Ovoperoxidase (OPO) was found in 
unactivated oocytes, and became detectable 
in the external seawater after the activa- 
tion. The optimum pH of OPO was 5. Its 
activity was very low in seawater (pH 8). 
These results indicate that there is ovo- 
peroxidase in the starfish oocyte and 
suggest that OPO released from oocytes on 
activation may react to hard FM. 

The timing of increase in H-thymidine 
incorporation into DNA fraction in the 
activated oocytes delayed as the same way 
as cleavage comparing to the fertilized 
ones. Supported by a Grant-in-Aid for 
Scientific Research (No. 464238) from the 
Ministry of Education, Science and Culture. 
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ROLE OF METHYLATION ON 1-METHYLADENINE 
BIOSYNTHESIS BY STARFISH FOLLICLE CELLS. 
M. Mita. Lab. of Reprod. Biol. 7 sNacl. 
Inst. for Basic Biol., Okazaki. 

Starfish Lol lilevemiceills Mipreducemya 
maturation-inducing substance, 1-methyl- 
adenine (l1-MeAde), by the action of a 
gonad-stimulating substance (GSS) secreted 
from neural system. It is proposed that a 
reaction of methylation plays important 
role for 1-MeAde biosynthesis, since 
methionine induces to enhance the GSS- 
induced 1-MeAde production. Therefore, 
effects of methionine and its related 
compounds on the GSS-induced 1-MeAde 
production and on activity of methionine- 
activating enzyme were studied. 

Ethionine and selenoethionine induced 
to decline the GSS-induced 1-MeAde 
production by asolated follicle tcel ls sae 
was shown that this was due to inhibition 
of methionine-activating enzyme by 
ethionine and its derivatives. S-Methyl- 
cysteine and S-ethylcysteine had no effect 
on the GSS-induced 1-MeAde production. On 
the other hand, it as interes ting seme 
selenomethionine enhanced the GSS-induced 
1-MeAde production, because methionine- 
activating enzyme did not catalyze seleno- 
methionine. The methyl-group of seleno- 
methionine may be directly transferred to 
an unknown precursor of 1-MeAde, since it 
is considered that the methyl-group of 
S-adenosylmethionine produced by the 
methionine-activating enzyme is transferred 
to the precursor of 1-MeAde. 
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DETECTION OF ACTIN FILAMENTS’ IN THE 
FERTILIZATION CONE OF STARFISH USING NBD- 
PHALLACIDIN. 

K.Kyozuka and K.Osanai. Marine Biological 
Stn. Tohoku Univ., Aomori. 


During the fertilization in starfish 
Asterina ctinifera, the fertilization 
cone (FC) was formed beneath the 
penetrating sperm. In the FC, fibrous 
structures were observed by transmission 
electron microscopy. Cytochalasin B, 
inhibitor of actin polymerization, blocks 
the formation of FC and the sperm 
penetration. The development of FC and the 
actin polymerization during sperm 
penetration were examined by NBD- 
phallacidin, which stained polymerized 
actin especially. Actin filament first 
detected in the acrosomal process of sperm 
and in the cortex where the tip of 
acrosomal process attached. During the 
penetration of acrosomal process, 
polymerized actin increased and converged 
inward. As a result, FC became a conical 
shape, the top of which pointed to the 
center of the egg. Then, sperm head 
penetrated into the FC. The FC began to 
crumble with the disappearance of actin 
filaments around 5 min after insemination. 
In the crumbling cone, a single filament 
remained remarkably behind the sperm head 
for a while. The result indicates that the 
FC of a conic shape consists of the 
structure of actin filaments, which is 
necessary for sperm penetration. 
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EFFECTS OF THE PRETREATMENT OF SPERM WITH 
JELLY COMPONENTS ON THE ACROSOME REACTION 
IN THE STARFISH. 

T. Matsuil, I. Nishiyamal, A. Hinol and 
M. Hoshi2. Ipept. of Biol., Nagoya Univ., 
Nagoya, 2Dept. of Biol., Tokyo Inst. of 
Technology, Tokyo. 


Two components in the jelly coat are 
reguired for inducing the acrosome reaction 
(AR) in the starfish, Asterias amurensis; 
ARIS (a sulfated glycoprotein) and Co-ARIS 
(cofactor for ARIS). 

The sperm pretreated with either ARIS 
or a diffusible fraction containing Co-ARIS 
(Fraction Mg) did not undergo AR even if 
the jelly was subsequently fortified. 

Such pretreated sperm did not fertilize 
the eggs, although these treatments 
appeared not to affect their respiration 
and motility. They did not show jelly- 
induced 45Ca-uptake that was observed in 


untreated sperm. They underwent AR,however, 


if treated with a combination of Ca2+- 
ionophore and monensin. The activities of 
ARIS were diminished by periodate-oxidation 
or solvolytic desulfation of ARIS. 
Purified Co-ARIS (steroidal saponins) 
had not such an effect of pretreatment. 
The capacity of Fraction Mg to make sperm 
irresponsive to the jelly was lost by 
Pronase-digestion. These facts suggest 
the existence of a third factor(s), may be 
an oligopeptide(s), responsible for such 
effects of pretreatment. 
Supported in part by grants from Ministry 
of Education, Science and Culture, Japan. 
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INHIBITION OF MATURATION DUE TO CAMP 
INJECTION AND A DECREASE OF cAMP LEVEL IN 
1-MeAde=TREATED STARFISH.OQOCYTES. 

K. Sano and H. Kanatani rs Sch. of Med., 
Kitasato Univ., Sagamihara, “Natl. Inst. 
for Basic Biol., Okazaki. 

To clarify the physiological signifi- 
cance of the decrease of cGMP level in the 
1-MeAde-treated starfish oocytes (Nemoto & 
Ishida, 1983), cyclic nucleotides and 
their derivatives were injected into 
1-MeAde-treated oocytes of Asterina pecti- 
nifera either within the hormone-dependent 
period (H.D.P.) or after it. When each of 
CAMP, cGMP and their 8-Br-derivatives was 
injected into the oocytes within H.D.P., 
the occurrence of germinal vesicle break- 
down (GVBD) was delayed. In contrast, 
when each of them was injected after 
H.D.P., almost no delay of GVBD was ob- 
served. These results show that increas- 
ing either cAMP or cGMP level of oocytes 
within H.D.P. inhibits the resumption of 
the meiosis. Next, the changes in the 
level of cAMP and cGMP in A. pectinifera 
oocytes after 1-MeAde application were 
measured with radioimmunoassay after homo- 
genization in trichloroacetic acid. The 
CAMP level in the oocytes (0.2-0.3 fmol/ 
oocyte) decreased significantly (P< 0.01) 
by 20-30% within ten minutes after 1-MeAde 
addition. In contrast, the cGMP level was 
lower than that of cAMP and was almost 
constant ( 0.03 fmol/oocyte) for initial 
ten minutes. These results show that a 
decrease in cAMP level occurs in the 
H.D.P. of the A. pectinifera oocytes. 
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BEHAVIOUR OF MESENCHYME CELLS IN LARVAL 
DEVELOPMENT OF THE STARFISH, ASTERIAS 
AMURENSIS. 
T. Kominami, Y. D. Noda and M. Ishikawa. 
Dept. of Biol., Fac. of Sci., Ehime Univ., 
Matsuyama. 

Spatio-temporal organization of the 
mesenchyme cells in the embryos of the 
starfish Asterias amurensis was studied in 
order to make out their roles in larval 
development. 

Mesenchyme cells released from the 
archenteron tip migrated into the blasto- 
coel and became randomly distributed, 
while some specialized patterns of cell 
distribution were noticed during specific 
developmental stages. Just before the 
formation of stomodaeum, a number of cells 
were concentrated at the oral opening 
region. About one fourth of mesenchyme 
cells became aligned under the ciliary 
bands according with their development. 
These specialized localizations of mesen- 
chyme cells imply their significant roles 
on the larval organogenesis. 

Some of the cells were distributed in 
the free space of the blastocoel, while 
most of the mesenchyme cells adhered to 
the surface of the larval tissues. Small 
carbon particles were incorporated into 
the former type of cells, when they were 
injected into the blastocoel of the larva. 
It is suggested that mesenchyme cells 
differentiate into at least two types of 
cells which have different functions 
during larval development. 
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PHOTOREACTIVATION OF PRECOCIOUS MICROMERE 
FORMATION IN UV-IRRADIATED CLYPEASTER 
EMBRYO. 1 
T.Shiroyat, Y.Akimoto! and K.Dan. ~ Zool. 
Inst.,Fac.of Sci., Univ.of Tokyo, Tokyo. 


UV irradiation of fertilized eggs of 
Clypeaster japonicus at metaphase suppress- 
ed following cleavages and induced preco- 
cious micromere formation at 8 cell stage 
embryo(Dan and Ikeda 1965). We examined 
photoreactivation(PR) of the phenomenon. 

When the fertilized eggs were exposed 
to the visible light(white fluorescent 
lamp, 11W/m2) for 1 hr immediately after 
UV(254 nm, 49J/m2/35sec) irradiation, both 
cleavage delay and precocious micromere 
formation were photoreversed completely 
and the embyos developed normally and 
micromer appeared at 16 cell stage. 

Using 3H-TdR, thymine dimer was measured 
with isolated nuclei before and after PR 
treatment. The content, expressed aS a 
ratio of dimer to total thymine, increased 
with UV dosage (2.2x10~4 at 49J/m2). After 
PR treatment, the dimer disappeared almost 
completely. 

From these results, it is assumed that 
the UV induced division delay, which 
brought about precocious micromere forma- 
tion at 8 cell stage embryo, may be ascri- 
bed to UV induced pyrimidine dimers on DNA, 
and that PR of the delay, to photorepair of 
the dimers by photoreactivating enzyme. 
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INDUCTION OF GEMINAL VESICLE BREAKDOWN AND 
RE-INITIATION OF MEIOSIS IN OYSTER OOCYTES. 
K. Osanai and K. Kyozuka. Marine. Biol. 
Stn. Tohoku Univ., Aomori. 


Crassostrea gigas oocytes obtained by 
dissecting the ovary were at the germinal 
vesicle stage. Germinal vesicle breakdown 
(GVBD) proceeded by suspending the oocytes 
in sea water, but the incidence of GVBD 
was promoted in ion-dificient media, such 
as Na-free, K-free, Ca-free and Ca,Mg-free 
sea waters, but inhibited in acid sea 
water (pH 4-6.5). After GVBD the oocytes 
were arrested at the first metaphase of 
meiosis. The oocytes spawned by the injec-— 
tion of serotonin (5-hydroxytryptamine; 

1 mM, 0.5 ml) were at the metaphase I. 
GVBD was induced in vitro with serotonin 
(more than 1 pM) even in acid sea water. 
This result suggests that the neurotrans- 
mitter stimulates oyster oocyte maturation 
in the ovary. The metaphase I oocytes 
could be normally fertilized and developed 
by insemination, 

The re-initiation of meiosis was arti- 
ficially induced with calcium ionophore 
A23187 and pronase P. In sea water con- 
taining calcium ionophore (0.1 mM) or pro- 
nase (1 mg/ml), the oocytes formed polar 
bodies, but did not proceed to cleavage. 
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SEMILUNAR SPAWNING RHYTHM, 
HERMAPHRODITISM, AND SEX CONVERSION DURNG 
ONE BREEDING SEASON IN A SEA CUCUMBER, 
Polycheira rufescens. 

T. Kubota. Dept. of Biol., Kagoshima 
Univ., Kagoshima. 


The sea cucumber, Polycheira 
rufescens (Apodida, Chridotidae) can be 
found crowded under pebbles in the tidal 
zone. In Kagoshima spawning occurred in 
July and August. The following points 
were noticed. (1) Almost all the 
animals released their gametes during 1-2 
days, 1-2 dys before every full and new 
moon. (2) the animal is a 
hermaphroditic species: mature 
individuals were comprised of males (M) 
with sperm alone, females (F) with eggs 
alone, and functionally male 
hermaphrodites (H) having both mature 
sperm and immature eggs. (3) With 
repetition of spawning, the percentage of 
H in mature animals decreased and that of 
M increased. These findings, together 
with changes in sexual types observed in 
marked H, indicated that some individuals 
altered their sexual types after spawning 
and others did not according to the 
following sequence: H to H or F, F to WM, 
and M to M. Thus, the eggs in a mating 
group were supplied from the second 
spawning by F which had been H at the 
last spawning. 
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CYTOLOGICAL STUDIES Ce PIGMENT DISORDER IN 
HATCHERY-REARED LARVAE AND JUVENILES OF 
HETEROSOMATA. 


J.Matsumotol T. Akiyama] TP. Seikai’ Te dysiaaea 
and M.Nakanishi! |Dept. Biol., Keio Univ. 
Yokohama, ¢Fish. Res. Selo, LovOCO Winww. , 
Maizuru, !Fukushima Pref. Fish Farming Exp. 
Stn., Fukushima and Kyoto Inst. Oceanic 
@ iS, SEioy Naiyasu 

Under hatchery condition, cultured 
plaices and flounders show a very high per- 
centage of pseudo-albino or partially pig- 
mented individuals. The exact aethiology 
is not known but it 1s ryeported jehaeap em. 
ent disorder is associated with feeding of 
Artemia. Morphoiogical survey of pigment 
Cellsmin developing £2sh of theselspecmes 
disclosed that two types of melanophores 
are imparted with their brown pigmentation, 
one appearing at earlier postembryonic 
stages before metamorphosis and another 
developing in large numbers during or after 
metamorphosis. The former, large in size, 
is named larval-type melanophores while 
the latter, smaller, adult—type. | lneeAgeennea 
-fed pseudo-albino, interference or marked 
delay was observed in the development of 
adult-type melanophores, being followed by 
gradual disintegration of larval-type mela- 
nophores. Cytochemical assay of such skin 
lesions disclosed an absence of DOPA-posi- 
eine COllS, Wows, aie tS joeSesiinec i inate 
failure of adult-type melanophore develop- 
ment is a main cause of pigment disorder. 
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ADENOSINE RELIEVES SEA URCHIN EGGS AND 
EMBRYOS FROM DEATH (2) 

K.Aketa. Akkeshi Marine Biological Station, 
Hokkaido University,Akkeshi,Hokkaido 


Unfertilized eggs of the sea urchin,Stron- 
gylocentrotus intermedius,remain fertiliza- 
ble in seawater containing adenosine(1-10 
mM) .Recovery from decay of fertilizability 
by aging also is possible. Abnormal devel- 
opment caused by theophylline(lmM) is over- 
come by administration of adenosine. It has 
been suggested that cAMP does not relate 
directly to these effects from the fact 
that acceleration of development,which is 
seen by administration of cAMP,does not 
occur by adenosine (Aketa,1984). 

Possible participation of ATP in these ad- 
enosin effects was examined. ATP level of 
unfertilized eggs,which was estimated en- 
zymatically,decreased gradually in normal 
seawater,whereas that of eggs kept in ad- 
enosine-seawater remained almost constant 
for many hours. Probable relationship be- 
tween fertilizability and ATP level is sug- 
gested. Possible relationship between ab- 
normal development by theophylline and ATP 
level was not verified. 

Dipyridamole,which is known to inhibit 
incorporation of adenosine into the cell, 
did not interfere with adenosine effects. 
This seems to imply that adenosine is re- 
ceived at the egg surface and exerts its 
effects via unknown route which gives rise 
to elevation of ATP level. 

Inosine works like adenosine. 
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LOCALIZATION OF MORPHOGENETIC DETERMINANTS 
IN UNFERTILIZED EGGS OF THE SEA URCHIN 
HEMICENTROTUS PULCHERRIMUS. II. 
Yoshihiko K. Maruyama, Dept. of Zoology, 
Fac. of Science, Kyoto University, Kyoto. 
A cytoplasmic domain require or 
primary mesenchyme formation and gastrula- 
tion was estimated by a microsurgical 
method. An unfertilized egg was cut into 
two fragments at a plane perpendicular to 
the A-V axis, defined by an animal pole 
marker, jelly canal. The level of 
section, expressed as its relative 
distance from the vegetal pole along the 
A-V axis (the animal pole = 1.0), was 
evaluated from the volume ratio of the 
fragments (AN, animal side; VEG, vegetal 
side). Morphogenetic patterns of these 
fragments after fertilization were found 
to depend upon its level of section. ANs 
derived from the section at 0.3 and less 
formed primary mesenchyme and gastrulated, 
but those from the section above 0.3 
remained as permanent blastulae forming 
neither mesenchyme nor archenteron. VEGs 
from the section at 0.3 or more formed 
primary mesenchyme and gastrulated. VEGs 
from the section below 0.3 also formed 
primary mesenchyme, but many of them 
failed to gastrulate and became 
disorganized into a loose cell mass. 
From these results, I concluded that 
morphogenetic determinants responsible 
for primary mesenchyme formation and 
gastrulation are distributed from the 
vegetal pole to the level of 0.3. 
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PARTIAL PURIFICATION AND CHARACTERIZATION 
OF THE ACID SEA WATER EXTRACT FROM UNFER- 
TILIZED SEA URCHIN EGGS. II. 

M.Fujitake, S.Nakamura and M.K.Kojima. 
Dept. of Biol., Fac. of Sci., Toyama Univ., 
Toyama, 

It has been shown that the acid sea 
water éxtract from unf. sea urchin eggs 
(EE) can induce activation of unf. eggs, 
acceleration of cleavage and animalization 
of embryos. In the present study, we have 
done the following two kinds of experiments 
to get more informations about EE, 

1) When unf. eggs were first extracted 
EE by the acid treatment, returned to 
normal sea water and, then, inseminated, 
their hatching was initiated later than 
that in controls. However, when such once 
EE extracted eggs were exposed to EE sea 
water and then inseminated, the rate of 
hatching in EE-extracted eggs was almost 
same as that in controls. 

2) Last year, we suggested that accel- 
erating factor(s) of the cleavage in EE 
(AFC) may be nucleotides from its absorp- 
tion spectra. Therefore, it was tried to 
estimate the molecular weight of AFC. 
Since AFC was heat stable, EE was concen- 
trated to about 15-fold by evaporation in 
the boiling water. The concentrate was ap- 
plied to Bio Gel P-6, and two major peaks 
were detected by absorption at 260 nm. 

The first peak was identified as a frac- 
tion containing AFC. The molecular weight 
of AFC was estimated about 500 by gel 
filtration. 


DB 73 


X-RAY MICRO ANALYSIS ON CALCIUM IN MATRIX 
CELL OR SPICULE IN SEA URCHIN EGG TREATED 
WITH COLLAGEN CROSSLINKING INHIBITORS. 
N.Utol and Y.Muranaka?. I1Dept. of Biol. 
and 2Central labo. of Electron Microscopy, 
Hamamatsu Univ. Sch. of Med., Hamamatsu. 


Crosslinking inhibitors such as penicill 
amine(Pen) and f-aminopropionitrile(BAPN) 
result in retarded growth or deformation 
of spicule. In these embryos, unsuccessful 
arrangement of mesenchyme cells responsible 
for spicule formation was observed. It is 
conceivable that connecting fibrous compo- 
nents among them become poor or tangled 
state by collagen crosslinking inhibitors. 

In this experiment, calcium localization 
in mesenchyme cells was investigated using 
X-ray micro analysis method. Treated eggs 
with BAPN or Pen at early gastrula stage 
were picked up at definite intervals. 

Free calcium ions were retained as calcium 
oxalate prior glutaraldehyde fixation and 
dehydration of samples was carried out in 
calcium oxalate saturated alcohol series. 
Ultrathin sections coated with carbon but 
no stained with uranyl acetate or lead cit- 
rate. Though STEM analysis was effective 
to chase exact site of calcium deposits, 
its sensitivity seems to be relative low 
than SEM analysis. 

From these X-ray analysis, it is likely 
that inspite of irregularity of connecting 
fibrous components, mesenchyme cells in 
treated embryos with BAPN or Pen accumulate 
calcium same as in control ones. 
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AMOEBOID MOVEMENT IN SEA URCHIN EGGS. 
S.Nakamura!, M.K.Kojimat and Y.Matano-. 
Dept. Of Biol.) Hach ON ACs suo ycmanmUnnElae, 
Toyama and #Toyo Contact Lens Co. Ltd.,, 
Nagoya. 

Since 1901, many investigators have 
reported on amoeboid movement (AM) in eggs 
of several marine invertebrates, but little 
is known about the mechanisms of AM at 
present. In the course of studies on effects 
of verapamil on the fertilization in sea 
urchin eggs, we found that this drug (0.05 
-0.25 mM) can induce AMin both unfert. and 
fert. eggs of Hemicentrotus pulcherrimus. 
There were three types of movement: (7) 
lopopoidal movement, (2) multi-pseudopoidal 
movement and (3) furrow formation. This is 
the case in eggs of Anthocidaris erssispina. 
More recently, it was found that sodium 
dodecyl sulfate (SDS) also induce AM in 
Anthocidaris eggs. At first, fert. mem- 
branes were removed by gently shaking eggs 
in Ca-free ASW (containing 1 mM DTT and 
0.02% papain) and 1 M urea. When these 
denuded eggs were exposed to SDS sea water 
(0.15-0.25 mM), AM was observed in 50-80% 
of eggs. Cytochalasin B (0.25 pg/ml) ar- 
rested completely such AM but colcemid 
(10 pM) had no effect on it. In addition, 
cleavage was entirely blocked at those 
concentrations of both drugs. When amoeboid 
eggs were stained with NBD-phallacidin 
after the fixation with formalin, fibril net- 
works were seen in the contractile area of 
eggs. These results suggest that actin may 
be involved in AM. 
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ULTRASTRUCTURAL STUDY OF THE ACROSOME OF 
SEA URCHIN SPERMATOZOA. 

K.Kato’, Y.Iwaikawa* and M.Sugiyama’. 
"Coll. of General Educ., Nagoya City Univ., 
*Coll. of General Educ., Nagoya Univ. and 
*Sugiyama-Jogakuen Univ., Nagoya. 


The fine structure of the acrosome of 
sea urchin spermatozoa was studied by var- 
ious preparating methods. 

When the double fixation method with 
Gee) hoe (GA) and osmium tetroxide 

Os) was employed, the plasma membrane co- 
vering the acrosomal vesicle and the outer 
part of the acrosomal vesicle membrane were 
poorly resolved. 

When the mixture of GA and Os was used, 
these two membranes which had smooth sur- 
face were clearly distinguished. Reacting 
acrosomes were also well fixed. 

Freeze-substitution method was also em- 
ployed. The plasma membrane showed clearly 
the unit membrane structure, while the ac- 
rosomal vesicle membrane did not. 

Freeze fractured replicas of the testis 
fixed with GA and acrolein were made. The 
inner membrane particles,scattering irreg- 
ularly, were observed on the p-face of the 
plasma membrane of the sperm head,although 
these particles were scarcely found on the 
p-face of the plasma membrane covering the 
acrosomal vesicle. 
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MORPHOGENESIS IN MONOLAYERED CELL SHEETS 

OF SEA URCHIN EMBRYOS. 

Y.D.Noda! and Y.Nakajima2. IDept. of Biol., 

Fac. of Sci., Ehime Univ., Matsuyama, and 
Dept. of Biol., Keio Univ., Yokohama. 


Gastrulation and skeletal formation 
were observed in Hemicentrotus pulcherrimus 
and Mespilia globulus embryos in monolayer- 
ed cell sheets. The method of producing 
the cell sheets was descrived previously 
(Nakajima and Noda, 1985). The embryos 
from eighth division stage to early pluteus 
were employed for starting materials. 

Gastrulation occured in cell sheets 
when the embryos younger than gastrula 
were employed. Precise processes of invagi- 
nation may not be exactly the same-as that 
observed in normal embryos, but further 
differentiation of digestive tract in the 
cell sheets took place as developmental 
stages proceeded. In low concentrations 
of Ca, exogastrula was induced. 

Spicules were produced in the clusters 
of primary mesenchymal cells and developed 
into skeletons of normal or abnormal mor- 
phology. Arms elongated from the loci where 
skeletons were present. Although the for- 
mation of skeletons was not always accompa- 
nied by the development of arms in the 
vicinity, no arms were formed where skele- 
tal structures were absent. This suggests 
that the presence of skeleton is indispen- 
sable for the development of the arms. 
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THE OPENING OF AMNION AND SMALL HOLES 
ON THE EPIDERMIS OF HEMICENTROTUS PULCHER- 
RIMUS IN LATE LARVAL STAGE: A SCANNING 
ELECTRON MICROSCOPIC STUDY. 

M. Noguchi. Misaki Senior High School, 
Miura. 


The amniotic invagination makes an 
opening at the frontal base of the left 
postero-dorsal arm of late six-armed 
pluteus. The opening translocates posteri- 
orly during the successive stages of deve- 
lopment. At the middle eight-armed stage 
when the rudiments of first podia become 
apparent, it finally reaches to the middle 
of the left side of the body. In the early 
phase of transit, the opening narrows 
laterally but later it again increases 
the size and remains open till metamor- 
phosis. This observation is inconsistent 
with the earlier study of MacBride where 
the closure of the opening and the later 
burst of amniotic roof in metamorphosis 
have been reported. 

In addition to the opening of amnion, 
three small holes become visible, two 
on the right side of the body, slightly 
posterior to the epaulet and one at the 
posterior end of the body. Spines which 
locate on the dorsal side of young sea 
urchin develop through these holes. This 
indicates that the embryonic epithelial 
cells of these areas do not degenerate 
during metamorphosis but contribute to 
the formation of the epithelium of the 
youngs. 
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CHANGES IN THE STRENGTH OF CELL ADHESION DURING 
THE EARLY STAGES OF THE SEA URCHINS ANTHOCIDARIS 
CRASSISPINA AND HEMICENTROTUS PULCHERRIMUS. 

H. Fujisawa and S. Amemiya. Fac. of Educ., Saitama 
Univ., Urawa, and Misaki Marine Biological 
Station, Fac. of Sci., Univ. of Tokyo, Miura. 


The dissociation ratio of embryos’ showed 
sporadic change during the course of development. 
The ratio was relatively high before hatching when 
the embryo cell number continued to _ increase 
exponentially. After about the time of hatching, 
the increase in cell number became linear and the 
dissociation ratio decreased. Prior to the time 
of invagination of the archenteron, the cell 
number showed a second rapid increase, and the 
dissociation ratio again increased. After the 
onset of gastrulation the dissociation ratio 
decreased to be minimal as the rate of increase in 
cell number decreased gradually. 

The dissociation ratio was also relatively high 
at the time when the mesenchyme cells ingressed 
into the blastocoel. 

This sporadic change in the dissociation ratio 
of embryos was confirmed by scanning electron- 
microscopic observation. Clefts between cells 
were observed on the surface of embryos only at 
the stages when the dissociation ratio was high. 


DB 79 


CO, TRANSPORT IN SPICULE FORMATION in 
vitro BY ISOLATED MICROMERES OF SEA URCHIN 
EMBRYOS. 

K.Mitsunaga!, R.Makihara!, Y.Fujino“, 
I.Yasumasu . IDept. of BLO, LS Cis OL 
Educ., Waseda Univ., Tokyo and “Dept. of 
Pharmacol., Teikyo Univ. Sch. Med., Tokyo. 

Effects of Cl” transport inhibitors and 
Ca** antagonist on calcium and Co 
depositions in the spicules forties by 
micromere-derived cells were investigated 
to analyze the mechanism of spicule 
formation in sea urchin eggs. 

Calcified spicule formation by 
micromere-derived cells of the sea urchin, 
Hemicentrotus pulcherrimus, was inhibited 
by ethacrynic acid and furosemide (Cl™ 
transport and HCO3/Cl”-ATPase inhibitors) 
and by nifedipine (a specific Ca** antag- 
onist). CO> ,qenerated by cultured cells 
exposed to [U- Ciglycose was incorporat- 
ed into spicules. CO, produced in the 
cells was Fegarded as intracellular CO, 
source. |!4C0, release from the cells was 
markedly inhibited by ethacrynic acid and 
furosemide but was not by nifedipine. 
ee borakson of intracellular COs 

Ca into the spicules was strongly 
inhibited by these compounds. It is hy- 
pothesized 3% in the process of spicule 
formation, Ca“* is transported through 
Ca“* channels in the membrane of primary 
mesenchyme cells and HCO3-release coupled 
with Cl uptake and calcium-secretion oc- 
cur concomitantly, resulting in a deposi- 
tion of CacO3 in the skeletal vacuole. 


and 
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INHIBITORY EFFECTS OF Ca2+ ANTAGONISTS AND 
RUTHENIUM RED ON SPICULE FORMATION IN SEA 
URCHIN EMBRYOS. 

R.Makihara { K.Mitsunaga', Y.Fuj ino? 
I.Yasumasu . ‘Dept. of Biol., Soh. of 
Educ., Waseda Univ., Tokyo and “Dept. of 
Pharmacol., Teikyo Univ. Sch. Med., Tokyo. 

We investigated the effects of Ca“* 
antagonists and ruthenium red on spicule 
formation in micromere-derived cells as 
well as in embryos of the sea urchin, 
Hemicentrotus pulcherrimus. 

Spicule formation both in vitro and in 
vivo was inhibited by nifedipine, 
verapamil, ruthenium red and 2,4-dinitro- 
phenol (DNP). Verapamil (3, Ca** antagon- 
ist which also inhibits Ca** release and/ 
or stimulates Ca“*-ATPase in hc hadictcra te 
exerted stronger inhibitory effect on Ca 
deposition in spicules fban on its uptake 
in cells. Blockage of Ca deposition in 
spicules by nifedipine (a specific Ca“* 
antagonist) was as strong as the inhibi- 
tion of its uptake in cells. Ruthenium 
red (an inhibitor of ATP-dependent, Ht- 
gradient mediated Ca2+ uptake in mitochon- 
dria) and DNP (expected to cause a dis- 
charge of H*-gradient in mitochondria) 
substantially inhibited 4°ca“+ uptake in 
cells and strongly blocked its deposition 
in spicules. These regults suggest that 
Ca** uptake through Ca** channels in the 
cell membrane and its transport in organ- 
ellae, such as mitochondria, participate 
in the process of Ca** transport from sea 
water to spicules in the skeletal vacuole. 


and 
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ROLES OF CYTOSKELETONS ON SPICULE 
FORMATION IN CULTURED MICROMERES ISOLATED 
FROM SEA URCHIN EGGS. 
Y.Fujino , > R.Makihara’, K.Mitsunaga“, 
I.Yasumasu”. Dept. of Pharmagol., Teikyo 
Univ. Sch. of Med., Tokyo and “Dept. of 
Biol., Sch. of Educ., Waseda Univ., Tokyo. 
Roles of cytoskeletons on spicule 
formation by micromere-derived cells of 
the sea urchin embryos were studied. 
Spicule calcification in the cells was 
inhibited by cholchicine, podophyllotoxin 
and cytochalasin D, but not by 8 -lumichol- 
chicine. Colchicine and podophyllotoxin 
inhibited instantly 4 Ca? uptake in the 
gglis and its deposition in the spicules, 
Ca deposition in the spicules was 
inhibited by cytochalasin D, when added to 
tbe suiture 2 hr prior to the exposure to 
Ca Colchichine and podophyllotoxin 
did not inhibit elongation of pseudopodial 
cables at concentrations inhibiting 
spicule calcification. Cytochalasin D 
inhibited the outgrowth of pseudopodial 
cables at thes¢, concentrations. Thus, the 
inhibition of Ca deposition in the 
spicules by cytochalasin D seems to result 
from the inhibition of the outgrowth of 
pseudopodial cables. These results 
indicate that outgrowth of pseudopodial 
cables is supported by actin assembly, and 
thet tubulin assembly contributes to the 
Ca** transport in pseudopodial cables in 
the process of spicule formation. 
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CELL NUMBER IN GUT OF SEA URCHIN EMBRYO. 
H.Mizoguchil, andI.yYasumasu2. 1Divof Biol., 
Jun. Col. of Rissho Univ., Saitama, 2Dept. 
of Biol., Sch. of Educ., Waseda Univ., Tokyo. 

The number of cell in gut or exogut of 
sea urchin embryo was counted to clarify the 
cellular mechanismof gut formation during 
development. The guts of normal embryos were 
separated by shaking embryos in Ca2+ and Mg2+ 
free sea water, 1Mglycine containing 0.2mM 
ethylene-diamine-tetraacetic acid,and Ca2+ 
and Mg2+ free sea water containing 1M sucrose, 
following by hand-driven centrifuge. A tiny 
drop of the embryo suspension was put on the 
slide glass and about 2 times asmuch aceto- 
orcein as the volume of the suspension was 
added in order to fix the embryos and stain 
the nuclei simultaneously. After 2hr embryos 
were squashed between cover and slide glass 
until the constituent cells of a embryo were 
into a monolayer. Exogastrulae were obtain- 
ed by treatment of embryos at the 16-32 cell 
stage with chloramphenicol (4x10-3M) for 3hr. 
The treated embryos were allowed to develop 
in normal sea water until controls became 
plutei. In gut of normal embryo, about 49, 
100,181,175 and 169 was counted at the early 
gastrula(at the beginning of gastrulation), 
early gastrula,mid gastrula,late gastrula, 
prism and pluteus stage, respectively. In 
exogastrula with well developed exogut, about 
193 was counted. Percentage of cell number 
in gut to total cell number in normal embryo 
was the highest at the late gastrula stage 
and exogut to total cell number was larger 
than normal embryo. 
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SCANNING ELECTRON MICROSCOPIC OBSERVATIONS 
GO) W508 GING IVAW WON IN) INS0s) JGAURWUN Ole Wels SIsvA= 
STAR, ASTERINA MINOR. 

M. Komatsul , M. Murasel, A. Gogakul, 

€. Oguro’, Hy, Yoshizawa, "Dept. of Buols, 
Toyama Univ., Toyama, DEDE. Ox Oral, 
Anat., Matsumoto Dental Coll., Nagano. 


Ciliation in the larva of Asterina minor 
Hayashi was observed with a SEM. Thirty hr 
Alnsieese ieGuriewiliweleeil, 2 Calibiwim, Celio S jum alin 
length, was formed on the outersurface of 
each ectodermal cell of early gastrula. Two 
and a half days after fertilization, early 
brachiolaria uniformly had cilia, whose 
length was ca.10 pm, density was ca.5/100 
um©. Twelve hr later, cilia measuring ca.1l 
pm in length were recognized on the tip of 
the brdehiolar arms ane addunt wontons Omen 
Cilia. Five days after fertilization, the 
shorter cilia were dominant over the 
longer ones at the arm tips of the hatched 
brachiolaria. Cilia of the both types on 
the arms disappeared during metamorphosis. 
Cilia, ca.10 pm long, were present on the 
body surface of metamorphosing larva and 
even of newly metamorphosed juvenile. 

thusescudy shows.) l)ikamvaliicd Imvauvamse 
ON MIEG! iW Thies Seucih, wesley, 2) Crilsetedom 
Of the brachiolaria lot Ay Manon asi poonm an 
density and short in comparison with that 
One jel Clie SuCelesey 5) Io Walilieiy logins 
CXTSb.) 4) IWwOney Deseo cilia  Nongerm sand 
SJoimscae, Bee jpeeSemne iin) “eliey lprzielialojlese Eien 4 
Some of these features may be related to 
tne Chacacteriserve habit, non pelagac and 
creeping on the substratum, of A. minor. 
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THE ROLE OF THE REGIONAL CORTICAL 
DIFFERENCE IN THE BLASTURATION OF STARFISH 
EMBRYOS. 

R.Kuraishi and K.OSanai. Mar. Biol. 

Stat., Tohoku Univ., Aomori. 

In Asterina pectinifera eggs, prior to 
cleavage, the whole cortex contains many 
granules which are vitally stainable with 
Nile blue. After mitotic division the 
granule-free cortex, U(unstainable)- 
region, appears along the cleavage plane. 
The granules remain in the rest part of 
the cortex, S(stainable)-region. Asa 
result blastomeres face to each other with 
U-region throughout the early development. 
In this study the relation between the 
regional cortical difference and the 
course of blastulation was examined. 

One of the blastomeres was rotated in 
the fertilzation membrane at 2-cell stage 
to make it face to the other with S- 
region. The embryo developed into a pair 
of bowl-shaped morulae and then into twin 
or double embryo at blastula stage. 

The observation on the behavior of 
stained and dissociated blastomeres showed 
that a cleavage plane divides the S-region 
almost equally and that cell adhesion 
occurs mainly at U-region. These natures 
in cleavage and adhesion seem to form the 
bowl-shaped morula and cause the twin 
blastulae from the bowl-shaped morulae. 

These results suggests that the 
regional difference of the cortex in 
blastomeres has an important role in 
blastulation. 
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CHANGES IN THE INTRACELLULAR LOCALIZATION 
OF ARGYROPHILIC PROTEINS DURING OOCYTE 
MATURATION AND PRONUCLEUS FORMATION IN THE 
STARFISH, ASTERINA PECTINIFERA. 

R. Amikural , H. Yamada2, So Hirai, and H. 
Nagano”. IDept. of Anatomy Tokyo Women’s 
M@eloy Colic,  Wokves 2 Marine Biological 
Station of Asamushi, Tohoku Univ., Aomori, 

Physiological Chem. and Nutrition, Fac. 
of Med., Tokyo Univ., Tokyo. 

Changes in intracellular localization 
of the argyrophilic proteins, visualized 
as Silver stained particles (SSPs) by 
NOR-silver staining, were studied in the 
course of starfish oocyte maturation. In 
Immature oocytes, SSPs were localized in 
germinal vesicles (GV), especialy on the 
fibrillar component of the nucleolus, and 
then they oradually dispersed into cyto- 
plasm when the GV broke down. In mature 
oocytes, the deposition of SSPs were found 
on the cytoplasmic granules of 0.2-1.0 wm 
in diameter. During second meiosis, 
SSPs were distributed on the chromosomal 
vesicles which gathered to make a female 
pronucleus. In spermatozoa, SSPs were 
detected in the acrosome and centrosomes 
but not in the nucleus. However, the SSPs 
were found in the male pronucleus after 
fertilization. These observations suggest 
that argyrophilic proteins derived from the 
GV may migrate to the male pronucleus from 
the mature egg cytoplasm during the 
pronucleus formation. 
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EFFECT OF CALCIUM ON SPICULE FORMATION IN 
CULTURED CELLS DERIVED FROM ISOLATED MICRO- 
MERES OF THE SEA URCHIN, HEMICENTROTUS 
PULCHERRIMUS. 


M.Miyagishi and M.K.Kojima. Dept. of Biol., 
Pac. of Sci., Toyama Univ., Toyama. 


Effects of media with modified calcium 
concentrations on spicule formation were 
examined, using cultured cells derived from 
isolated micromeres of sea urchin embryos. 
The isolated micromeres were cultured in 
artificial sea water (ASW) containing 
calcium, magnesium or a surfactant, sodium 
dodecyl sulfate (SDS), at various concen- 
trations. In these cases, bottoms of cul- 
ture dishes were coated with 1.5% agar-ASW. 
When the micromeres were incubated in 
normal ASW, some of them repeated cleavages 
and formed clusters. Tri-radiate spicules 
appeared in some clusters. In Ca-high media 
(1.5x~2.0x Ca-ASW), both the rate of 
cluster formation and the rate of spicule 
formation were enhanced. However, these 
spicules failed to develop to 3-dimensional 
ones. The spicule formation in Ca-high 
media waS Suppressed by increasing of mag- 
nesium concentrations (1.5x~3.0x Mg) or 
by adding of SDS (0.0001%~0.001% SDS). 
Cells in clusters suppressed spicule forma- 
tion seemed to be less coherent than those 
in clusters forming spicules. Therefore, 
calcium may play a role of helping to 
regulate the strength of cell-to-cell 
adhesion for spicule formation in cultured 
cells derived from isolated micromeres. 
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EFFECTS OF PRETREATMENTS WITH Ca CHANNEL 
ANTAGONISTS ON FERTILIZATION AND DEVELOP- 
MENT IN SEA URCHIN EGGS. ; 

M.K.Kojima' and Y.Matano2 . ‘Dept. of Biol., 
Fac. of Sci., Toyama Univ., Toyama and 


“Toyo Contact Lens Co. Ltd., Nagoya. 


It was determined whether or not pre- ae 
treatments of spermatozoa and eggs with Ca 
channel antagonists, such as verapamil(VP), 
affect fertilization and development of a 
sea urchin, Hemicentrotus pulcherrimus. 

1) Spermatozoa were pretreated with 100- 
400 paM VP sea water for 1-30 min. When eggs 
were inseminated by the sperm suspension 
pretreated with 400 mM VP for more than 15 
min, only 60% of them were fertilized and 
the development of such fertilized eggs 
was considerably retarded, comparing with 
that of the contros. 

2) Unfertilized eggs were pretreated 
with 100-400 pM VP sea water for 1-30 min, 
returned to normal sea water and then in- 
seminated by untreated spermatozoa. When 
eggs were pretreated with 300-400 wM VP for 
15 min, breakdown of cortical granules was 
completely inhibited and, consequently, no 
formation of fertilization membranes occur- 
red. However, several fertilization cones 
were observable on the surface of the eggs 
and polyspermic divisions followed later. 

3) Essentially similar results were 
obtained by pretreatments with diltiazem, 
although its effects were rather weaker. 

The authors wish to thank Dr. H.Kuroda, 
Nagoya Univ., and Eisai Co. Ltd., Tokyo. 
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ON 90° ROTATION OF THE SPINDLE IN SEA 
URCHIN EARLY DEVELOPMENT 
K. Dan; Misaki Mar. Biol.Sta. Kanagawa-ken 

In Successive cleavages in sea urchin 
early development, the spindles change the 
direction by 90°. Two cleavage cycles of 
micromere formation are exceptions, as the 
result of which later divisions of macro- 
and micro-meres are respectively 1 step and 
2 steps behind that of mesomeres in the 
phase of rotation. When 2-cell stage 
is flattened, micromeres are formed at the 
l6-cell stage of a square shape. There are 
2 modes in this; (1) 2 of them are formed 
at the 2 ends of 2 middle rows of the squ- 
are of 16 cells, (2) 4 appear at the center 
of the square. This depends on the direct- 
ion of flattening; (1) egg axis lying flat 
or (2) it is upright when flattened. 

When early 2-cell stage is squeezed into 
a narrow ditch, at the 4-cellstage, 4 celld 
are formed in a row. This is due to rotat- 
ion of the early spindle parallel to the 
ditch. When late 2-cell stage is squeezed 
in, a blastomere separates perpendicularly 
to the ditch, forming 2 very flat cells 
side by side in the narrow ditch. After thd 
aster formation, the spindle no longer rot- 
ates even under pressure of the ditch walls 

The above results indicate that 90° 

rotation occurs whether the direction of 
the preceeding division is left normal or 
it is changed artificially, while the mic- 
romere formation is region specific and 
cannot be changed by artificial means. 
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ANTI- HEMICENTROTUS 51K ANTI-SERUM STAINS 
SPINDLE POLES. 

M.Toriyama, K.Ohta, S.Endo and H.Sakai. 
Dept. of Biophys. and Biochem., Fac. of 
Scie, Univ. of Tokyo, Tokyo. 


When solubilized Hemicentrotus mitotic 
apparatuses (MAs) were subjected to phos- 
phocellulose column chromatography, the 
aster-forming activity was recovered in 
fractions eluted with 0.5 M KCl. This eluate 
contained 51,000 MW protein (51K protein) 
as a major component. Polyclonal antibody 
was raised in mice against the 51K protein. 
Using Hemicentrotus eggs in mitosis, immuno- 
blottings of isolated MAs and total egg 
proteins showed that the 51K protein reacts 
with the antiserum. However, when isolated 
Clypeaster MA proteins were immunoblotted 
with this antiserum, a 65,000 MW protein 
(65K protein) exclusively reacted. Indirect 
immunofluorescence studies indicated that 
the pole regions of the isolated Clypeaster 
MAS were preferentially stained with the 
immunized serum. The staining patterns of 
the spindle pole much resembled those of the 
Hemicentrotus egg centrosomes observed by 
Endo (1980). The shape was spherical at 
metaphase and became flattened at anaphase. 
We conclude that this serum contains anti- 
centrosome antibody and that the 65K protein 
is a component of the Clypeaster mitotic 
centrosome. 
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PROTEINS OF MICROTUBULE-ORGANIZING GRANULES 
IN THE MITOTIC APPARATUS OF SEA URCHIN EGGS. 
K.Ohta, M.Toriyama, S.Endo and H.Sakai. 
Dept. of Biophys. and Biochem., Fac. of Sci., 
Univ. of Tokyo, Tokyo. 


Microtubule-organizing center of sea 
urchin eggs has been suggested to be granu- 
lar materials, termed "clusters of granular 
material" located at the spindle poles. 

We call the granules microtubule-organizing 
granules (MTOG). Isolation of the mitotic 
apparatus does not affect the localization 
of the MTOGs at the poles. We attempted to 
purify proteins that constitute MTOGs from 
the isolated mitotic apparatus of Hemicen- 
trotus eggs. The isolated mitotic apparatus 
were solubilized in a buffer solution con- 
taining 0.5 M KCl. The extract was diluted 
five times and centrifuged at 100,000 x g 
overnight. The supernatant was column chro- 
matographed on phosphocellulose with a 
stepwise elution. When 0.5 M KCl eluate was 
dialyzed and incubated with purified tubulin, 
many small asters were detected by dark- 
field light microscopy. The 0.5 M KCl eluate 
contained a major protein component of 51K 
molecular weight. Upon dialysis against a 
buffer solution of lower ionic strength, 
this protein fraction which initiate micro- 
tubule assembly radially, thereby forming 
asters. Two dimensional electrophoretic 
analysis revealed that the 51K protein has 
an isoelectric point of 8.5. This protein is 
suggested to be major component of MTOGs in 
the sea urchin egg. 
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THE MITOTIC APPARATUS IN SEA URCHIN EGGS 
IRRADIATED WITH UV LIGHT AFTER COLCEMID 
TREATMENT. 

S.Endo', Y.Nakano2, M.Hamaguchi2, Y.Hiramoto2 
and H.Sakai?. ‘Dept. Biophys. & Biochem., 
leven Sealo, Wins/5 Woo, Wolkayo, Hissl@il 5 Ibe. , 
Tokyo Inst. Technol., Tokyo. 


Colcemid treatment and recovery by UV- 
irradiation of mitotic sea urchin eggs (H. 
pulcherrimus) were investigated by polarized- 
light and electron microscopies. The eggs at 
late prometaphase and metaphase were treat- 
ed with 20uM colcemid for 5 min and then 
irradiated with UV light at 365nm wavelength. 
When treated at late prometaphase the astral 
and spindle MTs disappeared, but when treat- 
ed at metaphase, very small spindle remained 
with persisting kinetochore MTs. The poles 
covered with the granular materials which 
are most likely MTOC migrated toward the 
equator associated with the shortened spin- 
dle. In 3 min-irradiated eggs which had been 
treated with colcemid at late prometaphase, 
newly formed spindle MTs seemed to be associ- 
ated with the granular materials. In 6 min- 
irradiated eggs, small mitotic apparatus 
were reformed with astral MTs closely 
associated with the cluster of granular 
materials. In 10 min-irradiated eggs which 
had been treated with colcemid at metaphase 
many Spindle MTs were reassembled with amphi- 
aster. As the astral MTs seemed to be nucle— 
ated fromthe granular materials which formed 
an array perpendicular to the axis of the 
spindle, the electron opaque spherical area 
was unable to be recognized. 
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RELATION BETWEEN THE MICROTUBULE SYSTEM 
AND CYTOPLASMIC MOVEMENT IN ASCIDIAN EGG. 
T. Sawada and G. Schatten, Mar. Biol.Stn. 
Tohoku Univ., Aomori, Japan and Dept.Biol. 
Sci. Florida State Univ., Tallahassee, USA 


To examine the relation between cyto- 
plasmic movement and microtubule system in 
ascidian Molgula occidentalis egg, we 
traced the distribution of microtubules 
and mitochondria, the major component of 
myoplasm. Mitochondria were vitally 
stained with ethidiumbromide. Microtubules 
were stained by anti-tubulin indirect 
immunofluorescence after the erxtraction 
with Triton-X and glycerol. In the normal 
development, mitochondria at subcortical 
area moved to and gathered at the vegetal 
pole shortly after fertilization (first 
phase). Sperm aster firstly appeared near 
the vegetal pole. In the second phase 
after second polar body formation, a mass 
of mitochondria at the vegetal pole moved 
up to the equatorial region to form the 
myoplasmic crescent. Sperm aster migrated 
to the equator with these mitochondria. 
Second phase movement was inhibited by 
colcemid. At the first cleavage stage of 
the egg incubated with cytochalasin E, a 
microtubule-cluster appeared at the animal 
pole associated with chromosomes which 
failed to be eliminated in meiosis. Mito- 
chondria gathered both at this cluster and 
an irregular cleavage aster. Thus, the 
microtubule system seems to be involved in 
the segregation of mitochondria. 
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STRUCTURE OF THE MITOTIC SPINDLE 

EXAMINED BY MICROMANIPULATION 

Y. NAKANO" and Y. HIRAMOTO"?, ‘Biol. Lab. 
Tokyo Inst. of Lech.,  Tokyoy ) 20a emo um ecumn 
Pig@dbisea , Wengdlo Minswo store keasie BAO. ; 
Okazaki. 

Structure of the mitotic spindle and 
mechanisms of chromosome movement and 
spindle elongation were examined by micro- 
manipulation using fertilized sanddollar 
(Clypeaster japonicus) eggs. A pair of thin 
glass needles were inserted into centers of 
the asters. Structure and the distribution 
of birefringence of the spindle stretched 
with these two needles were observed and 
recorded by polarized and differential-in- 
terference microscopy. The aster was often 
detached from the spindle without stretch- 
ing spindle proper by the manipulation. 
Both spindle elongation and poleward chro- 
mosome movement occurred after the aster 
was detached. Detached aster separated 
from the spindle pole in many cases. Some 
spindles were elongated and were cut in 
half by the manipulation. In the case of 
elongated anaphase spindle, interzone was 
more easily broken than the region between 
chromosomes and poles and two half spindles 
separated from each other after stretching. 
The distribution of birefringence of 
the half spindle remained unchanged by 
stretching of the spindle. Chromosomes 
could move after the manipulation. Chromo- 
somes were separated at the equatorial 
plane by stretching the metaphase spindle. 
Chromosomes could not move in this case. 
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MECHANISM OF THE FORMATION OF CONTRACTILE 
RING DURING CLEAVAGE. 

Y. Hiramoto. Biol. Lab., Tokyo Inst. of 
Technol. Tokyo and Div. of Cell Prolif., 
Natl. Inst. for Basic Biol., Okazaki. 


It is generally believed that the 
cleavage is caused by the contraction of 
the contractile ring formed at the 
equatorial region of the cortex of the cell 
during cleavage. A definitive difference 
of mechanical properties of the cortex was 
found between the equatorial region and 
other regions of the cell during cleavage 
in sea urchin and starfish eggs, while no 
regional difference was detected before the 
onset of cleavage (Ohtsubo and Hiramoto, 
1985). This result agrees with previous 
results by electron microscopy in dividing 
cells. A working hypothesis is presented 
that microfilaments distributed evenly in 
the cortex before the onset of cleavage ac- 
cumulate at the equatorial region and cause 
the formation of initial furrow by their 
mechanochemical interaction. According to 
the hypothesis, the microfilaments are 
present in random directions in the equato- 
rial cortex at first and they are gradually 
aligned in parallel to the equator by the 
tension at the cell surface that is differ- 
ent between the equatorial and meridian di- 
rections. Quantitative analysis of the be- 
havior of the equatorial cell surface dur- 
ing intial stage of cleavage supports the 
hypothesis. The hypothesis is also extend- 
ed to explain the formation of polar body. 
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CHANGES IN THE CORTICAL ACTIN FILAMENT 
DISTRIBUTION OF THE SEA URCHIN EGG DURING 
FERTILIZATION. 

S.Yonemura and I.Mabuchi! +2, 'Dept. of 
BEGis, GOL. 3f ADCS ane) SCicg UNLV. .Of 
Tokyo, Tokyo, “Dept. of Cell Biol., NIBB, 
Okazaki. 

It has been reported by many workers 
that numerous actin filaments appear in 
the sea urchin egg cortex after 
fertilization. We studied the cortical 
actin filament distribution during ferti- 
lization by fluorescence microscopy using 
an F-actin-specific stain, NBD-phallacidin 
or rhodamine-phalloidin in order to eluci- 
date the mechanism of the appearance of 
the actin filaments. Eggs of sea urchins 
Clypeaster japonicus and Anthocidaris 
crassispina were used. In the cortex of an 
unfertilized egg isolated on a glass 
slide, short microvilli seemed to be fluo- 
rescently stained. However, cortical 
staining of a whole unfertilized egg was 
much weaker than that of a fertilized egg 
about 2 min after insemination. Immediate- 
ly after fertilization, the point of sperm 
penetration became strongly fluorescent. 
Then the fertilization cone formed, which 
was also fluorescent. The organization of 
actin filaments in the cortical layer 
seemed to follow the cortical granule 
discharge which took place about 40-60 sec 
after insemination. The actin filament 
organization started from the point of 
sperm penetration and spread in waves all 
over the cortex within 1 min. 


DB 96 


PROPERTIES OF THE CLEAVAGE FURROW ISOLATED 
FROM NEWS FGGS. 
, 


I.Mabuehi Sh.Tsukita?, Sa.Tsukita?, Cs 


1 


Sawai’. Dept. OL Bwol., Colle Arts” & 
Sci., Univ. of Tokyo, Tokyo, 
Biol., N.I.B.B., Okazaki, Dept. Anat., 
Fac. of Med., Univ. of Tokyo, Tokyo, and 


Dept. Cell 


Dept. Biol., Fac. Gen. Educ., Yamagata 


Univ., Yamagata. 


We attempted to take a direct approach 
to clarify the mechanism of the cytokine- 
sis, that is the isolation of the cleavage 
furrow (CF) and investigation of its pro- 
perties. The CF was isolated from a newt 


(Cynopus pyrrhogaster) egg by cutting out 


with two fine glass needles. The isolated 


furrow was fluorescently stained by NBD- 
phallacidin after washing with a Triton X- 
TO0F SoLlutLon. By electron microscopy, 
such CF was shown to be a belt of fibrous 
materials to which granules attached. 
These fibrous materials were shown to be 
composed of actin filaments of two oppo- 
site polarities by negative staining tech- 
nique after fraying out the CF at the air- 
water interface. The mode of attachment of 
these actin filaments to the plasma mem- 
brane was visualized by rapid freezing- 
deep etching technique. The two dimension- 
al gel electrophoresis of the CF demon- 
strated that actin was the major component 
and that the CF contained unique proteins 
which were hardly detected in the bulk 
cortex. When the CF was transferred toa 
solution that contained ATP, it contracted 
to some extent. 
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LOCALIZATION OF F-ACTIN AT DISTAL END OF 
EPITHELIAL CELLS AT THE TIME OF TRANSITION 
FROM STATIONAL STATE TO MOTILE 

S. Takeuchi Zool.Inst.,Fac.Sci.,Univ. of 
Tokyo, Tokyo. 

Sheets of corneal epithelia isolated 
from 8-day chick embryos were cultured on 
Millipore filter(pore size,0.3 um,or 1.2 u 
m,0.3MF,1.2MF respectively). At every 24hr 
of culture, they were fixed with 3.5% neu- 
tral formalin(pH=7.2)for 30min at 20-25 C, 
rinsed and immersed in NBD-Phallacidin(NBD 
P) solution(330ng/ml buffer,pH=7.2) for 2hr 
in the dark at 20-25 C. A fluorescent re- 
flection microscope was used for observat- 
ion. In order to decide whether the align- 


ment of F-actin was specific for locomotion 


or not, the epithelial cells under locomot- 
ion on 0.3MF were compared with those in 
stationary state on 1.2MF. 

In the marginal cells of the epithelia 
just before locomotion, fluorescent of NBDP 


was recognized homogeneously along cell 
membrane. The first sign of locomotion of 


the marginal cells was slight extension at 
the distal end. It was at this distal end 
that F-actin accumulated not in a form of 


bunble but in a packed state. When the 


maginal cells were fully extended to form 
leading edges, F-actin bundles were observ- 
ed to run through leading edge and to con- 
Pe to cytocenter as like a frame work of 
an. 
It was concluded that F-actin made 

bundles and was aligned for locomotion 
under tension generated at the distal end. 
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ANALYSIS OF UNEQUAL CELL DIVISION IN 
GRASSHOPPER NEUROBLASTS TREATED WITH CYTO- 
CHALASIN B. 

K.Kawamura and N.Yamashiki. Biol.Lab., 
College of Dairying, Ebetsu, Hokkaido. 

Grasshopper neuroblasts(NB) divide un- 
equally with a definite polarity. Inte 
contains a characteristic doughnut-shaped 
nucleus with a central cytoplasmic core. 
Each unequal division produces a small 
ganglion cell(GC). Spindle shifting toward 
GC side and differential cortical movements 
during anaphase are considered essential in 
unequal cell division to produce a large 
daughter NB and a small GC. 

The present study deals with the 
behaviors of NBs treated with Cytochalasin 
B(CB) in order to analyze the determinant 
factor of nuclear shape and the mechanism 
of the spindle shifting. 

In the case of a low CB dose, there was 
a slight time delay in nuclear formation in 
the GC side. The nuclear type may be 
determined not only by cytoplasmic volume, 
as demonstrated in the previous study, but 
by a cortical structure which is damaged by 
CB action. 

In CB treated NBs, rhythmic differenti- 
al movements of cortex along spindle-axis 
appeared from metaphase till middle ana- 
phase. The initiation of anaphase movement 
of chromosomes and spindle shifting well 
coincided with the periodicity of the 
cortical movement. From these results, 
some mitotic events seem to be under the 
control of a latent rhythm in the cortex. 
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ACTIN ASSEMBLY IN THE MYOTUBES CULTURED IN 
THE PRESENCE AND THE ABSENCE, OF COLCEMID. 
O= Sattohs andi Obamatamss Zool IIMS IE 6 p 
Bac. of Sci., Univ. of Tokyo, Tokyo and 
Dept. of Biol., Chiba Univ., Chiba. 

By colcemid treatment, spindle-shaped 
myoblasts round up and myotubes are 
fragmented to form myosacs as a result of 
disassembly of microtubules (Holtzer et 
ake, 1968). im the spresenit study, we _ 
examined assembly of actin and troponin 
(TN) in the myotubes cultured in the 
medium with or without colcemid. Actin 
assembly was visualized by staining with 
rhodamine-phalloidin or micro-injection of 
PitC—ACEMm Antow Ene cells and EN assembly 
was by indirect immunofluorescence 
staining with anti-TN T antibody. In 
developing myotubes in vitro, majority of 
actin- and TN-containing filaments 
terminated without reaching the 
longitudinal ends of myotubes as judged by 
fluorescence staining. When myosacs 
caused by colcemid were maintained in 
culture, actin and TN were detected at 
high density near plasma membranes. When 
myosacs were transfered in the medium 
without colcemid, elongation of myosacs 
with spreading of cytoplasm was observed 
but in such region, actin and TN were 
Scarcely detected in the beginning, but 
later both appeared with filamentous 
structures. These observations suggest 
that elogation of myotubes is caused 
primarily by microtubule assembly prior to 
actin assembly. 
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EFFECT OF THYROID HORMONE ON C-PROTEIN AND 
MYOSIN ISOFORM CHANGES DURING DEVELOPMENT 

OF CHICKEN BREAST MUSCLE. 

K. Murakami and T. Obinata: Dept: of Baol: 
Chiba Univ., Yayoi-cho, Chiba 260. 

In order to examine hormonal regulation 
of muscle protein isoform expression 
during chicken skeletal muscle 
development, methylthiouracil (MTU), 
antithyroid drug, was administrated to 
developing chicken at 10-d in ovo through 
1-m post-hatch at the dose of 1 mg/egg and 
0.4 mg/g body weight of postnatal chicken. 
At different developemental stages, breast 
muscle was frozen-sectioned and C-protein 
and myosin light chain expressed were 
examined by indirect immunofluorescence 
microscopy. During normal development, 
slow myosin light chain 1 (Ls1) disappear 
by 17-d in ovo from breast muscle, whereas 
slow C-protein (SC) does by 10-d 
post-hatch as previously demonstrated 
(Obinata et al., 1984) .)) im thes chaeker 
where MTU was administrated, both Ls1 and 
SC persisted until later ages than in 
control animals: myofibers having Ls1 were 
detected even at neonatal age and SC 
continued to exist in myofibers of small 
diameter until 1-m post-hatch. Thyroxine 
administration to MTU-treated chicken 
caused disappearance of slow-type 
proteins. Changes in tropomyosin and 
myosin heavy chain during postnatal 
development were less sensitive to MTU 
administration. 
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MUSCLE PROTEIN ISOFORM EXPRESSION IN 
LONG-TERM pKELETAL MUSCLE CULTURES. 
T. Obinata J. Micou-Eastwood and R.C. 
Strohman “5 Dajoes Oi WiOll 7, Clailoe Winiw. , 
Chiba and |~Dept= "of Zoology, Uniwevon 
Cali torntavae Berkeley CallelenOranktclinmaae 
During skeletal muscle development in 
vivo, expression of muscle protein (for 
example, C-protein) isoforms markedly 
changes. In contrast, during myogenesis 
in culture, isoform transition is not 
clear. When myogenic cell populations 
which contain fibroblasts were cultured on 
elastic plastic membrane for 1m, tissue 
level organization, namely bundles of 
actively contracting myofibers surrounded 
by extracellular sheath was spotaneously 
formed in) vitno (Strohman etal a Ieeue 
G-protein asoeforms expressed” im sues 
myofibers cultured on elastic membranes 
for 1 m were examined. When transverse 
cryosections of Ehe fibers) wene “eseued 
with antibodies specific for cardiac 
(C=315) 7 slows (ALD) 66) “cn facie (amine?) 
muscle C-protein, majority of myofibers 
were brightly stained with both ALD 66 and 
anti-FC, but the staining intensity o£ 
C-315 was much weaker. In contrast, C-315 
stained younger monolayer cultures as 
brightly “as ALD 66 and (anita @. = Saimuasltctrs 
results were obtained by parallel immuno- 
blots. These results suggest that the 
expression of cardiac C-protein may be 
down-regulated in the cultures on elastic 
membrane, as in muscle development in vivo. 
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EXPRESSION OF TROPONIN DURING DEVELOPMENT 
OF NEMATODE: C. ELEGANS. 
H. Nakae and T. Obinata. Dept. of Biol., 
Fac. of Sci., Chiba Univ., Chiba. 
Expression of troponin (TN) during 
development of C. elegans was monitored by 
indirect immunofluorescence microscopy 
using anti-troponin I (TNI) antibody which 
reacts with both body wall and pharynx 
muscles of adult and anti-troponin C (TNC) 
antibody specific for body wall muscle. 
Specimens were prepared by the following 
two methods and reacted with antibodies: 
1) Embryos were frozen with liq. N, and 
fixed with ethanol (whole mounts) ér 2) 
embryos were squashed on gelatin-coated 
slide glasses, frozen with liq N, and 
fixed with ethanol (squashes). fotal 
nuclei were counted after staining with 
Hoechst. On the other hand, time course 
of the growth of myogenic cells were 
calculated with a computer based on the 
cell lineage data presented by Sulston et 
al. (1983). Troponin was first detectable 
at about 400 cell stage with the 
antibodies, and the number of TN- 
containing cells rapidly increased. The 
number of cells stained with anti-TNI 
antibody finally reached about 110 and 
that with anti-TNC antibody reached about 
80 at 550 cell stage. As embryos grow, 
TN-containing cells were arranged ina 
pattern characteristic of muscle as 
reported. The present observation on 
troponin expression resembles that on 
myosin expression (Gossett et al., 1982). 
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EFFECT OF HEXYLENEGLYCOL IN THE MEIOTIC 
DIVISION OF STARFISH OOCYTES. 

W.vamao and T.Miki-Noumura. Dept. of Biol. 
Ochanomizu Univ.. Tokyo. 


Using the starfish oocytes as material. 
we tried to examine effects of HG on the 
meiotic apparatuses oocytes. 

The oocytes of starfish. Asterina 


pectinifera. were incubated with 2.5% HG- 
SW after 40 minutes following treatment of 
l-methyvladenine. During the incubation. we 
observed that the meiotic apparatus became 
gradually bigger into the two asters. 
locating at their original position near 
cell membranes. Three types of oocytes 
having different meiotic apparatus were 
observed 45 minutes later. Ratio of each 
type was expressed in parenthesis. 

1) Oocytes released bigger polar body at 
the first meiotic division (53.4%). 

2) Oocytes induced unilateral furrow hear 
the original position of meiotic apparatus 
(47252). 

3) A few oocytes divided equally (2-5%). 

The observation suggests that HG may 
increase the tubulin polymerization and 
cause microtubules of meiotic apparatus to 
become bigger and longer. Consequently. 
the bigger meiotic apparatus may induce 
furrowing unilaterally. or the equal 
division. 
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AXONEMAL ARRANGEMENT AND BENDING 
DIRECTIONS IN STARFISH SPERM FLAGELLUM. 
H.Mohri, T.Mohri and M.Okuno. Dept. of 
Biol., Univ. of Tokyo, Komaba, Tokyo. 
Since the starfish spermatozoa fare a 
spherical head, it is not easy to deter- 
mine the topographical relationship of the 
axoneme to the directions of the flagellar 
bends, the principal and the reverse bend 
as defined by Gibbons and Gibbons (J. Cell 
Biol., 635, 970-985, 1974). The demem- 
branated spermatozoa took a quiescent 
"cane" shape with a sharp principal bend at 
the proximal region of the flagellum_in the 
presence of high concentration of Ca2*, 
When such spermatozoa were placed on a grid 
for electron microscopy, fixed with osmic 
acid vapor, washed with distilled water 
briefly and then negatively stained with 
uranyl acetate, the head of the spermato- 
zoon was disrupted and disappeared dis- 
closing the proximal centriole at the pro- 
ximal end of the flagellum. The proximal 
centriole was always found on the concave 
side of the principal bend of the "cane" 
shape flagella. Electron microscopic 
observation of the serial thin sections of 
intact and demembranated spermatozoa re- 
vealed that the doublet microtubule No. 1 
faced to the proximal centriole. It im- 
plies that the doublets Nos. 5 and 6 are 
contained in the convex edge of the prin- 
cipal bend in starfish sperm flagellum. 
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DISCHARGE OF EXCESS SPERM FROM THE 
MICROPYLAR CANAL IN THE CHUM SALMON &GGS. 
W.Kobayashi and T.S.Yamamoto. Zool. Inst., 
Fac. of Sci., Hokkaido Univ. Sapporo. 


When the chum salmon egg is inseminated 
in tap water, actively moving sperm enter 
the micropyle (MP) and fill its canal. 
About 2.5 min later, however, excess sperm 
are abruptly discharged from the canal. 
Within 6 min in tap water, the canal 
decreases in diameter at its inner end. 
The narrowing of the MP canal is also 
detected in the unfertilized egg incubated 
in tap water (parthenogenetically acti- 
vated). Neither the discharge of sperm 
nor the narrowing of the canal are 
observed in the egg inseminated in Ringer 
solution. It is ascertained by TEM that a 
fertilizing sperm in the MP canal fuses 
with the apex of the ooplasmic papilla 
even in Ringer solution. Responses of the 
egg to sperm penetration are the 
elongation of the papilla and the forma- 
tion of fertilization cone. Although the 
breakdown of cortical vesicles is observed 
on the whole surface of the egg incubated 
in tap water, it is restricted to only a 
small area of the surface near the sperm- 
entry site in the egg inseminated in 
Ringer solution. It is concluded that the 
abrupt discharge of excess sperm from the 
MP is induced by the leakage of perivitel- 
line material through the inner opening of 
the MP canal. 
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THE PROCESS OF POLAR BODY FORMATION AND 
SPERM ENTRY IN ACTIVATED EGGS OF THE ROSE 
BITTERLING 

T. Ohta. Dept.Biol.Aichi Univ.Educ.Kariya. 
SE Se TR NG Be Pa ee eee 

The present observations were conducted 
using dechorionated eggs and spermatozoa 
from the rose bitterling, Rhodeus ocella- 
tus. The first objective was to clarify 
ultrastructurally, the process of second 
polar body formation in artificially ac- 
tivated eggs by immersing them into fresh- 
water. The second objective was to clarify 
ultrastructurally, the process of sperm 
entry in postactivated eggs. 

The site for extrusion of the second 
polar body was identified by the special- 
ized aggregation of thick leaf-like pro- 
jections, a short distance from the sperm 
entry site in unactivated eggs. The second 
polar body was extruded from nearly the 
center of the aggregation about 15 min 
postactivation. After extrusion, formation 
of a cleavage furrow was completed at the 
base of the polar body protuberance about 
4) Tali POSEACENVAELON, WaS MUECLEWUS Oi Whe 
extruded second polar body had a double 
nuclear envelope. 

Ine TerEnIivaAELoOm rAES Oc wae SO mia 
postactivated eggs decreased in contrast 
CO) ENS Innwly 1SirenILAACLOM race Os WinAe wi 
vated eggs. The tail of a spermatozoon 
during entry was visible in eggs 5 to 10 
min after insemination. A typical fertili~ 
zation cone was not formed in these eggs. 
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MELANOCYTE FORMATION IN CULTURED SKIN OF 
ABNORMALLY WHITE-PATCHED FLOUNDER. 

S. Kikuchi and A. Maeda. Kominato Marine 
IOI, ILEZIOo, FAC © SCioc, Caiwla Winiva g 
Amatsu-Kominato, Chiba and Dept. of Biol., 
Ae, Oi SCile, Caslloa Uniw,, Caillogd. 


A flounder is characterized by its bi- 
laterally ansymmetrical flat body. Both 
eyes lie on the same side; the ocular side 
is overall blackish brown in color with 
well developed melanophores, while the 
white non-ocular side lacks melanophores; 
additionally, scale shape is spined comb on 
the ocular side and oval on the non-ocular 
side. These unique characteristics appear 
at an early larval stage after metamorpho- 
sis. In recent days flounder, "hirame", is 
reared aquaculture in big way. In hatchery- 
reared flounder white patches abnormally 
appear on the ocular side at the very high 
rate. No melanophores are found in the skin 
of these patches and their scales are oval 
Shape as in the non-ocular side. Present 
paper reports formation of melanized cells 
in cultured skin from abnormal white patch 
and from other sides of flounder with ACTH. 
Melanized cells were found in outgrowth of 
normal melanized skin of ocular side after 
5-7 days at 25 C. However, in the skin from 
abnormal white patch melanized cells were 
not observed at all as in the skin of non- 
ocular side. These results suggest that 
melanoblasts are lacking in the skin of ab- 
normal white patches on the ocular side of 
flounder. 
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EFFECTS OF MUTATIONS AFFECTING NUCLEAR 
MIGRATION ON F-ACTIN ORGANIZATION IN 
DROSOPHILA EARLY EMBRYOS. 

K.Hatanaka and M.Okada. Inst. of Biol. 
Sci., Univ. of Tsukuba, Ibaraki. 


In maternal effect mutants, gs(1)N441 
and gs(1)N26, posteriorward migration of 
nuclei are extremely retarded in intra- 
vitelline mitosis (IVM) stage, although 
synchronous mitotic cycles are not 
affected. A phenocopy is produced by 
treating wildtype embryos with 
cytochalasin B just after egg laying. To 
find whether these mutants have any 
abnormality in F-actin organization in the 
embryo, F-actin was stained with rhodamine 
phalloidin in whole mount preparations and 
frozen sections . In wildtype embryos, a 
dense and thin distribution of F-actin was 
observed over the whole surface region of 
the embryo during IVM stages. In addition, 
at early IVM stage F-actin was localized 
at the center of nuclear distribution. At 
later IVM stage, however, F-actin was 
found not in the center but in energids. 
This transition of distribution of F-actin 
occurred at stage 5 (16-nucleus stage) in 
wildtype. It occurred later in both 
mutants, varying in embryos from stage 7 
to 9 (64 to 256-nucleus stage). These 
results suggest that the functions of both 
gs(1)N441* and gs(1)N26+genes are required 
for establishing normal organization of F- 
actin, which is involved in the machinery 
of nuclear migration in early embryos. 
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CLONING OF THE cDNA TO THE mRNA SEQUENCE 
RESPONSIBLE FOR POLE CELL FORMATION IN 
DROSOPHILA 

S.Kobayashi and M.Okada. Inst. Biol. Sci., 
Univ. of Tsukuba., Ibaraki. 


Pole cells , the only source of germ 
cells in Drosophila embryos, are formed at 
the posterior pole preceding blastoderm 
formation. Pole cell formation is inhib- 
ited when embryos at cleavage stages are 
irradiated by uv at the posterior pole. 
The ability of pole cell formation is 
restored to the uv irradiated embryos by 
the injection of mRNA extracted from em- 
bryos at 20 minutes after egg laying (min 
AEL). But mRNA from 150 min AEL embryos 
does not have such a restoration activity. 
This stage specificity in restoration 
activity of mRNA was used for screening a 
CDNA library , to select cDNA clones that 
hybridize with mRNA from 20 min AEL em- 
bryos but not with mRNA from 150 min AEL 
embryos. A cDNA library was prepared from 
mRNA extracted from 20 min AEL embryos, 
and was screened by a competitive colony 
hybridization method. Screening 5000 
clones of the cDNA library , we selected 
100 cDNA clones hybridizing dominantly to 
mRNA from 20 min AEL embryos. The mRNA 
hybridized to and eluted from these 100 
cDNA clones showed the same restoration 
activity as the original mRNA. This indi- 
cates that these 100 cDNA clones include 
the cDNA clone to mRNA sequence required 
for pole cell formation. 
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DETECTION OF A MATERNAL FACTOR ACCUMULA- 
TING IN EMBRYONIC NUCLEI BY A MONOCLONAL 
ANTIBODY AGAINST DROSOPHILA OVARIES. 
F.Maruo and M.Okada. Inst. Biol. Sci., 
Univ. of Tsukuba, Ibaraki. 


We have established a library of 102 
monoclonal antibodies (mAbs) against Dro- 
sophila ovarian antigens in hope of find- 
ing maternal factors active in regulation 
of early embryogenesis. One of the mAbs, 
F3-23, was found to react with an antigen 
in nuclei (F3-23 Ag). The spatial and 
temporal distribution of F3-23 Ag was 
immunocytochemically explored on frozen 
Ovary sections and in whole-mount embryos. 
F3-23 Ag was present in nurse cell nuclei 
during early stages of oogenesis. It was 
found in nurse cell cytoplasm in mid- 
vitellogenic stages, and later in oocyte 
cytoplasm. It was also seen in follicle 
cell and oocyte nuclei. In cleavage em- 
bryos, F3-23 Ag was found throughout cyto- 
plasm as well as in nuclei. During blasto- 
derm stage, F3-23 Ag gradually disappeared 
from cytoplasm and strongly accumulated in 
nuclei. This indicates that egg cytoplasm 
has a store of an antigen that enters 
nuclei in early stages of embryogenesis. 
During the mitotic phase F3-23 Ag dis- 
persed from nuclei; it accumulated again 
in nuclei in the following interphase. The 
timing of reaccumulation of F3-23 Ag into 
syncytial blastoderm nuclei is variable 
among nuclei, suggesting a heterogeneity 
among somatic nuclei in the blastoderm. 
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AN ASSESSMENT OF BLASTODERM CELL DETERMI- 
NATION IN DROSOPHILA BY CELL TRANSFER. 
S.Sugiyama and M.Okada. Inst. Biol. Sci., 
Univ. of Tsukuba, Ibaraki 305, Japan. 


Cell transplantation techniques have 
been used as a direct means of demonstrat- 
ing the determined state of blastoderm 
cells in Drosophila. An attempt to repro- 
duce the results of previous work (Simcox 
& Sang, 1983) was made to discern further 
what structures form from cells ina 
differently determined cell environment. 
Cells from the presumptive thoracic region 
of mwh e!! blastoderms were transplanted 
into the presumptive abdominal region of y 
embryos. Cell donors developing to adults 
were checked for defects caused by cell 
removal. Recipient adults were checked for 
ectopic structures deriving from implants. 
Cuticular structures, many showing growth 
layers suggestive of larval molts were 
found in 44% of the recipients. Most of 
those differentiating adult bristles or 
larval denticles were of y phenotype. Two 
donor-phenotype structures were found, 
both developing part of the proboscis in 
the abdomen. These ectopic structures 
correspond well with deletions in donors, 
which were found concentrating in the 
cephalic region. Though the origin of the 
donor cells was not as presumed, the 
results indicate that blastoderm cells are 
determined so as to differentiate in an 
alien environment retaining their original 
segmental identities. 
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ACROSOME-TUBULAR ELEMENTS COHERENCE AND 
AGGREGATION OF SPERMATOZOA IN UTERUS OF 
DROSOPHILA BIFASCIATA, 

H. Takamori and H. Kurokawa. LUSt.) Of 
Biol. Sci., Univ. of Tsukuba, Ibaraki. 


D. bifasciata produces long and short 
sized spermatozoa. The spermatozoan mor- 
phology and behavior were observed in 
female uteri, spermathecae and _ seminal 
receptacles after copulation. Spermatozoa 
did not move immediately after copulation, 
but 1 hour afterward they began to move 
and aggregate characteristically, forming 
a plug in uterus, 2 hours after copula- 
tion. This condition continues up to 24 
hours. Acrosome-tubular elements coherence 
was observed in uterus by both light and 
electron microscopes. Long and short 
spermatozoa are observed in both sperma- 
thecae and seminal receptacles at the 2 
hour stage, but short spermatozoa decrease 
in number in seminal receptacles at the 4 
hour stage and disappeared at the 7 hour 
stage, Uteri of D. bifasciata females, 7 
hours after copulation were dissected and 


their aggregated "sperm balls" were 
removed onto a slide glass with Drosophila 
Ringer's’ solution. Seminal vesicles of 


mature D. melanogaster males were attached 
to the "sperm balls" of D. bifasciata. It 
was then observed that the spermatozoa of 
D. melanogaster rapidly participated into 


the “sperm balls". 
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POST-TESTICULAR MATURATION OF SPERMATOZOA 
OF THE SILKWORM, BOMBYX MORI, 

H. Kasuga, M. Osanai and T. Aigaki. Dept. 
of Biol., Tokyo Metropolitan Institute of 
Gerontology, Itabashiku, Tokyo. 


Bombyx mori, has two types of 
spermatozoa, apyrenes without nuclei, and 
eupyrenes that fertilize eggs. Apyrene 
bundles divided in the testis into 
individual spermatozoa, while the 256 
eupyrenes formed by division of a primary 
spermatogonium remained as a bundle in an 
envelop. Apyrenes and eupyrene bundles 
were accumulated in the vesicula seminalis 
and transferred on mating to the 
spermatophore built inside of the female 
bursa copulatrix. 30 Min. after mating 
the inner matrix of the completed 
spermatophore contained seminal fluid and 
prostatica-secretion,. The electron-dense 
outer matrix, derived from lacteal fluid 
and prostatica-secretion, was rich in PAS- 
postive granules and acted as a soft plug 
closing in the inner matrix. After 2 
hours the plug was digested to open a 
route for sperm migration to the 
receptaculum seminis. Apyrenes activated 
in the spermatophore acted as "stirring 
bars" to promote separation of eupyrenes 
by degradation of their bundles and supply 
their energy sources. During mating the 
PAS-positive granules decreased in 
spermatophore, while amino acids, 
especially alanine and urea increased. 
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SCALE ARRANGEMENT PATTERN FORMATION ON THE 
WINGS OF LEPIDOPTERAN INSECTS (BUTTERFLIES 
AND MOTHS). 

A.Yoshida and K.Aoki. Life Science Inst., 


Sophia Univ., Tokyo. 
aga ex pee HERES SERED Pon Se 
the pattern formation mechanism of scale 
arrangement on the lepidopteran wing. It is 
Suggested that two types of mechanism are 
involved in the formation mechanism of wing 
scale arrangement, as described below. 
First, small adults of Pieris rapae, 
Pieris melete, and Paplio xuthus were ob- 
tained by rearing larvae under the food- 
lacking condition. Scale row intervals of 
the small adults are almost the same as the 
normal ones. Besides, anomaly of scale ar- 
rangement is spatially very similar to the 
dislocation of crystal. Those points of the 
scale arrangement common to crystal may 
suggest that it is the most energetically- 
stable pattern through the interactions 
between cells, as the crystal pattern 
through the interactions between atoms or 
molecules. Second, a small piece of alminum 
foil was inserted into the pupal wing bud 
of Pieris rapae immediately after puparia- 
tion. The eclosed adult wing has a hole at 
the foil-located site. Scale orientations, 
directed posteriorly in normal state, are 
bifurcated only on the proximal region to 
the hole. This suggest that the wing may 
have some proximal-to-distal gradient, 
which is involved in determination of the 
scale position on wing. 
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IMMUNOCYTOCHEMICAL LOCALIZATION OF 
VITELLIN, EGG-SPECIFIC PROTEIN AND 30K 
PROTEINS DURING EARLY EMBRYOGENESIS IN 
THE SILKWORM, Bombyx. mori. 3 
S. Takesue ,. H. Keino , Ke brie ik 
9- Yamashita , S. Izumi and S. Tomino 
BHO) t., Fac. of Sci., Nagoya Univ., 
Nagoya, Inst. for Develop. Res., Aichi 
Prefec. Colony, Kasugai, Fac. of Agr., 
Nagoya Univ., Nagoya and Dept. of Biol., 
okyo Metro. Univ., Tokvo. 


In the present work we examined the 
localization of three kinds of yolk 
proteins, vitellin, egg-specific protein 
and 30K _ proteins, in the silkworm egg 
during early stages of development ' by 
immunofluorescence microscopy. Anti- 
vitellin and -30K proteins intensively 
stained internal yolk granules (yg_s) 
and small yolk granules (ygds) of the 
periplasm. Anti-egg-specific protein 
Stained peripheral yolk granules (yg_s) 
strongly and yg_.s_ weakly. In agreement 
in time with the appearance of yg_s which 
are formed about 4 days after fMupation 
at 25°, strong staining with anti-egg- 
specific protein was seen at the 
peripheral part, as well as at the 
internal part, of the egg. Staining with 
each of these antibodies disappeared 
gradually after B= 4 days following 
OV i posTttilon” at) 25 It was found that 
YG,.S can be classified into two groups 
in respect with stainability with anti- 
yolk proteins. 
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REGENERATION CAPACITY AND PATTERN REGU- 
LATION OF THE HIND LEG DISC OF SARCOPHAGA 
PEREGRINA 

H.Kamai and T.Ohtaki. Deyones Cle IsLOil 
Fac. of Sci., Univ. of Kanazawa, Kanazawa. 


Pattern regulation of the imaginal disc 
of the fleshfly, Sarcophaga peregrina, was 
studied by the in vivo culture. The large 
body size of S.peregrina allowed us _ to 
make the experiments easier. First, a 
fate map of the hind leg disc was _ con- 
stracted by the structure of metamorphosed 
disc fragments. Next, regeneration of 
the fragmented discs was studied by cul- 
turing for several days in larval or adult 
hosts prior to metamorphosis. The results 
showed that cultured fragments underwent 
either regeneration of the missing struc- 
ture or mirror image duplication. In 
Drosophila, it is assumed that positional 
values in the circular sequence are non- 
uniformly spaced because the upper medial 
quarter of the fore leg disc was able to 
regenerate. But our experiment showed 
that many half fragments contained upper 
medial quarter duplicated and we were not 
able to find the region which was high 
density of the positional value. Moreover, 
the frequency of the regenerated or dupli- 
cated fragments which cultured in larval 
hosts was different from that cultured in 
adult hosts. These phenomena have not been 
reported in Drosophila. The difference 
of the hemolymph between adults and larvae 
might reflect the pattern regulation. 
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CHANGES IN PLOTDY LEVEL OF EPIDERMAL CELLS 
DURING LAST LARVAL INSTAR OF MANDUCA SEXTA, 
¥. Kato!, K. K. Nairé and 1.) Menetddamoreir 
IDept. of Biol., International Christian 
Wino, WOLAFO 5 £Dept. Oie beLOlLG SGi645 Simom 
Fraser Univ., British Columbia, Canada and 
Dept. of Zool., Univ. of Washington, 
Seattle, U. S. A. 


The relative DNA content of M. sexta 
abdominal epidermal nuclei during the last 
larval instar was measured by microspectro- 
photometry. In the intrasegmental region 
of a segment, epidermal cells showed ploidy 
evel of ZO to 32C on! the day woieilaranam 
ecdysis, and during the subsequent period 
of feeding, high level ploidy such as 16C 
and 32€ increased an ratio. —inesemecim 
populations remained until the mitoses 
reduced the cells to 2C, 4C, 80 and 1eGmon 
the day of pupal apolysis, except for the 
pock mark cells being either 32C or 64C. 

In the segmental margins of a segment 

where no mitoses occurred, the cells conti- 
nued to increase ploidy level through the 
instar. These changes in ploidy level 

were discussed in relation to a change in 
ecdysteroid titer during the instar. 
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INDUCTION OF INVERTED EMBRYOS FROM 
OBLIQUELY STRATIFIED CHIRONOMUS EGGS BY 
CENTRIFUGATION. 

M. Sawa, H. Yajima. Dept. of Biology, Fac. 
of Sci. Ibaraki Univ., Mito. 


In Chironomus samoensis eggs obtained 
from females reared in the laboratory, it 
is known that many double cephalons are 
induced by centrifugation with anterior 
pole in centrifugal position (Yajima, '83). 
In the present study, to investigate 
effects of the displacement and redistri- 
bution of egg materials after centrifuga- 
tion on the pattern fomation of the embryo, 
the eggs were centrifuged anterior- 
laterally in various angles. The results 
showed that the frequency of the various 
types of development, including double 
cephalon and inverted embryo, changed with 
angle. Especially, the frequency of double 
cephalons and inverted embryos was higher 
after the centrifugation at angle of 60° 
than that at 90° (anterior centrifugation). 
But, lateral centrifugation (0°) did not 
yield any double malformation. These 
results may suggest that the distribution 
of cytoplasmic determinants establishing 
normal antero-posterior polarity in early 
embryogenesis are extremely disturbed at 
60° centrifugation than at 90° and lateral 
ones. 
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INDUCTION OF DOUBLE MALFORMATION BY UV 
IRRADIATION TO THE CLEAR CYTOPLASMIC ZONE 
OF CENTRIFUGED CHIRONOMUS EGG. 


H. Yajima. Dept of Biology, Fac. of Sci., 
Ibaraki Univ., Mito. 


UV irradiation of clear cytoplasmic zone 
of the Chironomus egg centrifuged anteri- 
orly at pole cell stage increases fre- 
quency of double cephalon (DC). In the 
first part of the present study, I exam- 
ined whether or not other developmental 
types could be obt-ined by the clear zone 
irradiation, changing the centrifugal 
force and the centrifuged stage. AS a re- 
sult, double abdomen (DA) and inverted 
embryo (IE) were induced in cifferent 
experimental conditions from DC's. in the 
second, to establish where the uv effec- 
tive site is in the clear zone, the im- 
movable superficial layer or the collect- 
ed inner part, or both, centrifuged and 
no centrifuged eggs were irradiated, 
changing the direction of centrifuging, 
the irradiated area and the irradiated 
stage. Among the various experimental 
conditions, only uv irradiation to the 
clear zone of anteriorly centrifuged egg 
is effective to induce DC, DA and IE. The 
developmental results change with the re- 
distribution of egg cytoplasm. The clear 
zone irradiation in the reversely centri- 
fuged egg and the irradiation in no cen- 
trifuged egg were no effective. These 
facts suggest that both superficial and 


inner parts contain the effective targets 
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DEVELOPMENT OF POND SNAIL. I QUANTITATIVE 
CHANGES OF EGG SHELL COMPONENTS DURING 
DEVELOPMENT. 

M.Tanakal, M.Takayama2 and K.Ishihara2. 
Saitama Pref. North Educ.Center, Fukaya, 
2Dept.of Reg.Biol., Fac.of Sci., Saitama 
Univ., Urawa. 


Female of the ovoviviparous pond snail, 
Sinotaia quadratus historica, has eggs, 
embryos, larvae and young snails in her 
uterus throughout the year and always 
gives birth to young snails in the warm 
seasons with a high frequency from April 
to May. Development and growth from egg to 
young snail proceed inside the egg shell 
which contains egg white. The total weight 
of the egg shell increased during develop- 
ment, especially in the later stages, sug- 
gesting the incorporation of some compo- 
nents from outside the egg shell. Increase 
in water and calcium were remarkable and 
accounted for the total weight increase of 
the egg shell. The egg white surrounding 
the embryo contained water, protein,sugars 
and inorganic cations which decreased as 
development proceeded. However, the in- 
crease in water and calcium exceeded their 
decrease in egg white and corresponded to 
the increase of the weight of the whole 
egg shell. These facts imply that water 
and calcium for the growing snails are 
supplied from the mother's body as a char- 
acteristic physiological feature of the 
Ovoviviparous snail. 
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PLACENTA LIKE STRUCTURES IN THE OVARY OF 
THE OVOVIVIPAROUS TELEOST, GUPPY. 
Y.EBINA and S.YOKOYA. Div. of Cell Sci. 
Cent.Res.Lab.,Fukushima Med.Coll.,Fukushima 
Histological and fine structural changes 
occurred in the ovary and egg during ooge- 
nesis, fertilization and successive embryo- 
nic development. At the initial stage of 
chorion formation, the oocyte extended many 
microvilli to the follicle cells. Chorion- 
substance deposited subsequently on the 
bases between the microvilli, so that the 
microvilli through the chorion formed the 
structure of zona radiata. In the mature 
and unfertilized egg, the chorion became 
almost continuous layer enclosing tightly 
an ovum and was surrounded by a layer of 
follicular epithelium and a theca. The 
dissociated microvilli from oocyte remained 
in the zona radiata. In the course of oo- 
genesis, blood vessels surrounding the oo- 
cytes were located in the theca. Just 
after fertilization, ruffling membranous 
substance deposited on the outer surface of 
chorion. The dissociated microvilli were 
not present in the zona radiata any longer. 
The surrounding follicle cells became to 
contain a number of lysosomes, which in- 
creased more and more in number with de- 
velopment of the embryo. Before hatching, 
blood vessels developed well around the 
chorion. They penetrated to the surface 
area of chorion where the preexisting fol- 
licle cells had disappeared and thin cyto- 
plasm of theca cells and basal lamina 
existed as intermediate. 
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THE MORPHOLOGICAL CHANGES OF GERMINAL DENSE 
BODIES IN QOOGONIA AND OOCYTES IN THE 
TELEOST. ORY ZIAS RAPES. 

S. Hamaguchi. Dee WiOilss CGOUls ens 
Educ., Niigata Univ., Niigata. 


The germinal dense bodies (GDBs) in 
oogonia and oocytes of Oryzias latipes were 
examined by electron microscopy, and _ the 
following results were obtained. 1). The 
GDBs were classified into four types from 
their morphology; GDBs of a strand-like 
structure, amorphous bodies of fine fi- 
brils, and two types of GDBs of inter- 
mediate morphology. In@ PALIO OF the 
number of amorphous bodies to total number 
of GDBs increased during folliculogenesis 
from 39.1% in oogonia to 90.3% in oocytes 
at early growth phase. Thereafter, it de- 
creased during growth phase to become 6.1% 
in oocytes at early yolk vesicle stage. 
2). All GDBs observed in the present study 
were situated in the vicinity of the nucle- 
us. In oocytes at diplotene stage and 
early growth phase, many GDBs were in con- 
tact with the nuclear envelope, whereas 
GDBs in oocytes at later stages were de- 
tached from the nuclear envelope. 3) 
During folliculogenesis, the contact bet- 
ween GDBs and mitochondria was’ observed, 
but in oocytes at late growth phase and 
early yolk vesicle stage, mitochondria were 
rarely seen near GDBs. 4). The number of 
GDBs decreased at yolk vesicle stage, and 
we could hardly find GDBs in oocytes just 
before the beginning of vitellogenesis. 
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MECHANISM OF ACTION OF A SERUM FACTOR WITH 
LOW MOLECULAR WEIGHT THAT REGULATES OOCYTE 
MATURATION IN VITRO. 

T.Iwamatsu. Dept. Biol., Aichi Univ. Educ., 
Kariya, Japan. 


Recently, we found a factor(s) in sera 
of only higher vertebrates that induces in 
vitro maturation of intrafollicular fish 
oocytes if a two step incubation procedure 
is followed. It also inhibits progesterone 
-induced maturation in vitro. The present 
study has revealed that fractions (1, I1) 
of chicken and rabbit serum dialysates 
separated by gel filtration on Sephadex G 
10 are also potent in affecting oocyte 
maturation as well as stimulaing both cAMP 


and steroid production in the fish follicle. 


The serum fractions (I1) with and without 
activity for affecting oocyte maturation 
were contaminated with amino acids, taurine 
and urea, but not steroids or cAMP. The 
ability of a low molecular weight serum 
factor to induce in vitro maturation of 
both the follicle and oocyte was compared 
with the effects on maturation of dibutyryl 
cAMP, phosphodiesterase inhibitors (theo- 
philline, IBMX) and forskolin, which activ- 
ate adenylate cyclase. 

From these results, a mechanism by which 
oocyte maturation is induced by the serum 
factor can be proposed. 
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ULTRASTRUCTURE OF fTESTIS-OVA INDUCED BY 
ESTRADIOL SIN THE LE LE OS JORMZirA She AuMiGe rior 
N. Shibata and S. Hamaguchi*. Dept. Biol., 
Buc. scala, *Depity Biol. (Coll aiGennmeeldticrr 
Niigata Univ., Niigata. 


Adult males of the orange-red variety of 
OryZias latipes were rared in watery solu- 


tion of estradiol (240 ug/l) and the forma- 


tion of oocyte-like cells in the testis 
(testis-ova) were examined by light and 


celectron microscopy. The proliferation 
rate of spermatogonia became lower. Sper- 
matocytes and spermatids decreased in 


number, which meant that the treatment with 
estradiol inhibited the transformation of 
spermatogonia into spermatocytes. Myoid 
cells hypenitrophi zed jim Sache e slate cre Sieemisiacwle 
tissues between spermatogenetic tubules, 
and the arrangement of the tubules were 
disordered. But the cystic structure of 
germ cells in the tubule was not affected. 
Testis-—ova were observed in germinal cysts. 
In a cyst containing testis-ova, all germ 
cells were same stages of oogenesis, i.e. 
testis-ova at pachytene were formed in a 
group in the germinal cysts. However not 

all testis-ova at pachytene developed into 
diplotene and some of them degenerated. 
Degenerating germ cells were often found. 
consequently the number of testis-ova at 
diplotene were always smaller than those at 
pachytene. Testis-ova at diplotene stage 
were encircled by the somatic cells which 
were drived from the cyst-boundary cells 
and folliculer structure was established. 
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ULTRASTRUCTURAL CHANGES IN THE FOLLICULAR 
LAYER AND EGG CORTEX OF THE GUPPY DURING 
MATURATION. R. Hori, T.J. Lam and V. Phang. 


Dept. of Zool., Natl. Univ. of Singapore. 


The present study is on the changes of 
the follicular layer and egg cortex of 
the immature egg of the guppy by electron 
microscopy. The follicular layer of the 
chromatin-nucleolus stage consists of 
theca cells with big nucleus, and flat 
granulosa cells. Collagen-like fibrous 
substance is observed between theca and 
granulosa cells. Numerous elongated micro- 
villi of the egg surface contact with 
granulosa cells. In the perinucleolar 
stage, vesicular membranous structures 
appear under granulosa cells. High 
electron-dense chorion is formed at the 
basal region of the vesicular membranous 
structure in the oil-droplet stage. The 
chorion has many channels. Numerous 
projections derived from the egg cortex 
penetrate the chorion and spread in the 
space between the chorion and granulosa 
cells. Micropinocytotic vesicles which 
contain electron-dense inclusions are 
observed under the chorion. These vesicles 
have a tendency to increase in size and 
electron-density before the yolk vesicle 
is established. The cortex of the mature 
egg contains many yolk vesicles and oil- 
droplets. The latter are more electron- 
dense than the former. The number of 
channels in the chorion decreases and 
there is less connection between granulosa 
cells and egg cortex. 


——— ee 
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IMMUNOHISTOCHEMICAL STUDIES OF CORTICAL 
ALVEOLI DURING OOGENESIS, AND BEFORE AND 
AFTER FERTILIZATION IN THE MEDAKA. 

K. Onitake!, T. Iwamatsu* and T. Watanabe2 
TBiol. Lab., Nagoya Univ. College of Med. 
Tech., Nagoya and 2Dept. of Biol., Aichi 


Univ. of Edu., Kariya. 

Intact cortical alveoli (CA) were iso- 
lated from unfertilized eggs by rupturing 
them in CA-isolation medium with fine for- 
ceps, and antiserum against isolated CA 
were prepared by routine procedures. 

Yolk vesicles of immature oocytes (150- 
180m in diameter) sectioned for immunohis- 
tochemistry reacted strongly against guinea 
pig anti-CA antiserum, while very small oo- 
cytes less than 150um in diameter had not 
immunoreactive substances. In the cytoplasm 
of eggs, only CA were reactive to the same 
antiserum. After fertilization, both spher- 
ical bodies and amorphous structures that 
were released from CA into perivitelline 
Space reacted to the antiserum. At the same 
time, immunoreactive substances were ob- 
served adhering to the inner surface of 
chorion, and marginal region around the ap- 
erture of CA undergoing breakdown (exocyto- 
sis) was also reactive to the antiserum. 
From these results, it was supposed that 
the yolk vesicle in immature oocyte is an 
origin of the cortical alveolus (vesicle), 
and that immunoreactive substance released 
from CA adheres to the inner surface of 
chorion and takes part in the formation of 
perivitelline space or presumably the 
hardening of chorion after fertilization. 
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SOME PROPERTIES AND THE FORMATION OF 
CORTICAL ALVEOLAR MATERIALS OF MEDAKA EGGS. 
K.Masuda! , I.Iuchi' , M.Iwamori?, Y. Nagai? 
and K.Yamagami' . ‘Life Sci. Inst., Sophia 
Univ., Tokyo and ?Dept. of Biochem., Fac. 
of Med., Univ. of Tokyo, Tokyo. 


Spherical body (SB), which is a massive 
insoluble globular component in a cortical 
alveolus of an medaka egg, was isolated 
from blastulae crushed in deionized water. 
SB changed its volume markedly depending on 
the concentrations of some divalent ions in 
the medium. Gas-ligquid chromatographic 
analyses revealed that SB contained a large 
amount of carbohydrates, especially of 
galactose, and some fatty acid. Further- 
more, SB was rich in leucine and glutamic 
acid. Immunocytochemical examination of 
oocytes using rabbit anti-SB antiserum as a 
probe revealed that the SB material-like 
immonoreactive substance was contained in 
the yolk vesicles of medium-sized previtel- 
logenic oocytes and the cortical alveoli of 
full-grown oocytes. Therefore, it was ver- 
ified immunohistochemically that the yolk 
vesicle in a growing oocyte was an immature 
form of a cortical alveolus. In connection 
with the role of cortical alveoli in the 
chorion-hardening, the solubility of 
chorion in 1N NaOH was measured in order to 
quantify chorion-hardening. Based on this 
measurement, the process of hardening was 
found to consists of two phases; an abrupt 
hardening occurring within 5 min after 
activation and the following slow one. 
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ISOLATION AND CHARACTERIZATION OF THE 
CHORION GLYCOPROTEIN-LIKE ANTIGENIC 
SUBSTANCE OF THE TELEOST, ORYZIAS LATIPES. 

T. Hamazaki, I. JIuchi and K. Yamagami. 
Life Sci. .Inst., Sophia Univ., Tokyo. 


A spawning female-specific substance 
reactive to anti-chorion (egg envelope) 
glycoprotein antibody was isolated by gel 
filtration (TOYOPEARL HW-55) and HPLC (AX- 
300) from the ascites of estrogen dieted 
male and non-spawning female fish. The 
amino acid composition of this substance is 
quite similar to those of the major glyco- 
proteins (Fl and F2) which were obtained 
from the the digests of the inner layer of 
egg chorion by the hatching enzyme. This 
substance contains about 3.0 % carbohydra- 
tes, while the carbohydrate contents of Fl 
and F2 are about 3.2 % and 2.5 &%. The 
molecular weight is 49,000 (SDS-PAGE), the 
isoelectric point is about 4.5 and OD (1 %, 
2408) AM)c 1879.0). The Rm value of the 
substance is identical with that of the 
Major protein band of the immature (600-800 
um in diameter) and mature oocyte (1,000 
um) chorion dissolved by high pH or SDS. 

Thus, a possibility arises that this 
substance is one of the precursors of 
structural glycoproteins of medaka chorion, 
although the ordinary concept of the egg 
envelope formation is that it is synthesi- 
zed in the oocyte itself in the teleost. 
Analysis of the physiological function of 
this substance will be undertaken in near 
future. 
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STEROIDOGENIC CAPACITY OF MEDAKA (ORYZIAS 
LATIPES) OVARIAN FOLLICLES DURING 
VITELLOGENESIS AND OOCYTE MATURATION. 
N.Sakai!*?2, T.Iwamatsu!, Y.Nagahama* and 
K.Yamauchi?. !Dept. of Biol., Aichi Univ. 


of Educat., Kariya, *Lab. of Reprod. 
BiOw.% Natl. LnSGs DOr A pasice | DOL.» 
Okazaki and 3Fac. of Fish., Hokkaido 


Univ., Hakodate. 


Steroidogenic capacity of medaka ovarian 
follicles at different developmental 
stages was examined using 18-hr incuba- 
tions. The follicular capacity to secrete 
estradiol-178 (E) in response to gonado- 
tropin (PMS) increased during vitello- 
genesis, reached a peak 24-28 hr before 


spawning, and thereafter declined 
rapidly. 17a, 208-Dihydroxy-4-pregnen-3- 
one (17a,208-diOHprog) production 


remained low during vitellogenesis and 
reached a peak 16 hr before spawning. 
There was no significant effect of PMS in 
testosterone oC) production. The 
follicular ability to produce E from 
exogenous T, and 17a,208-diOHprog from 
exogenous 17a-hydroxyprogesterone showed 
a strong correlation with the capacity of 
the follicle to produce E and 17a,20f- 
diOHprog in response to PMS. These 
results suggest that a distinct steroido- 
genic shift from E to 17a,208-diOHprog 
occurs in the medaka ovarian follicle 
immediately prior to oocyte maturation. 
Differential changes in the activity of 
aromatase and 20€-HSD in the follicle 
appear to be responsible for this shift. 
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SOME CHARACTERISTICS OF HIGHLY PURIFIED 
HATCHING ENZYME OF MEDAKA, ORYZIAS LATIPES. 
S. Yasumasu, I. TIuchi and kK. Yamagami 
Life Sei. PMNS.  SOphaay | Unuiwees elOkyor 


Hatching enzyme of medaka has_ been 
purified partially through Sephadex G-75 
and CM-cellulose column chromatography. 
The purity of this enzyme (PII-0.3), whicn 
was derived from PII of Sephadex column 
chromatography, is, however, not so satis- 
factory. ine. Cher presente eS CuGiy 7. aaemuliatenionrs 
purifications were carried out through two 
kinds of procedures with combined use of 
Sephadex G-75 gel filtration, CM-cellulose 
column chromatography and HPLC. The 
purified hatching enzyme was fractionated 
into two peaks (HE-l and HE-2) on HPLC 
(CM-300), each of which exhibited a single 
band of the same mobility on SDS-PAGE and 
the molecular weight was about 24K. On 
isoelectric forcusing electrophoresis, they 
were separable into two adjacent bands in 
ENS ican ike jl Yo cO Yoo Boreli Oi 
them were very Similar in amino acid 
composition. The molecular weights of HE-1 
and HE-2 as calculated from the minimal 
molecular weight were 23,640 and 23,780, 
mespectively. ~Theiew substrate jspecmiivcaty, 
as determined by USTiNe| Wererougs kwICA= 
peptides as substrate was also very 
Similar. Suc-Leu-Leu-Val-Tyr-MCA was best 
digested by both enzymes. The results may 
show the microheterogeneity of medaka 
hatching enzyme. 
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TRANSDIFFERENTIATION OF AVIAN PRIMARY 
HYPOBLAST AND YOLK-SAC ENDOERM. 

S. Yasuga- WOO UMSits, PAGS OF SEilo, 
Univ. of Tokyo, Tokyo. 


Cells of the avian primary hypoblast, 
cultivated in association with the pro- 
ventricular mesenchyme on the chorio- 
allantoic membrane or in the coelomic 
cavity, produced an embryonic pepsinogen, 
a marker enzyme of the proventricular 
endoderm, which was detectable by the 
immunof luorescence method. Enzyme histo- 
chemistry revealed that these cells 
producing the pepsinogen possesses at the 
same time the activity of the cysteine 
lyase, a specific enzyme of the yolk-sac 
endoderm. In the recombinates, cysteine 
lyase acitivity appeared shortly after the 
onset of the culture and lasted during 
culture period, while the pepsinogen was 
detected after prolonged cultivation. 

It was also shown that differentiated 
yolk-sac endodermal cells could produce 
pepsinogen, though in much smaller quantity 
as compared to that produced by the 
hypoblastic cells, under the influence of 
the proventricular mesenchyme. 

In conclusion, the hypoblastic cells 
first differentiated into the yolk-sac 
endodermal cells, as in the normal course 
of development, and then they trans- 
differentiated into the pepsinogen- 
producing endoderm under the inducing 
influence of the proventricular mesenchyme. 
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CHICK LIMB BUDS. 
K.Ohsugi “and H.Ide.” Biol. Inst... onen 
UNL s Seneca . 


The monoclonal antibody (AV-1) eluci- 
dated that a position specific substance 
really existed in developmentally early 
limb buds. By immunohistochemistry, AV-1l 
antibody staining was observed only in the 
specific region of antero-ventral mesoderm 
(K.Ohsugi and H.Ide '84). 

Pt is known that graivs (on e427 a womain 
anterior site in an embryonic wing bud re- 
sult in mirror-image duplication of wing 
bud. When ZPA was grafted to an anterior 
site of stage 19 wing bud and the bud was 
allowed to develop to stage 25, the mirror- 
image duplication of the AV-1 staining re- 
gion was observed. This result shows that 
at least ZPA influences the AV-1 antigen 
formation and the new AV-1 antigen is form- 
ed in position dependent manner. This re- 
Sult supports the idea that AV-1 antigen 
plays a role during pattern specification. 
By immunoelectronmicroscopic study using 
peroxidase, deep stainings were observed 
in the region near the cell membrane. 
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HETEROGENEITY AND INTERACTION BETWEEN 
FRAGMENTED CHICK LIMB BUD IN ORGAN CULTURE. 
Hey Ree suzuki vandeH.. ide Biol. Inst., 
Tohoku Univ., Sendai 

We have previously reported that leg 
buds from stages 20-23 chick embryo 
develop into leg structure with typical 
cartilage pattern. In the present study, 
we have tried organ culture of antero- 
posteriorly fragmented leg bud and inves-— 
tigated the capacity to form cartilage. 

leg buds of stage 18 chick embryo were 
dissected into four pieces) an Enevancesos 
posterior sequence, and the individual 
fragments were named as a,b,c,d, respec 
tively. Cultures were carried out ona 
membrane filter with medium consisting of 
Ham’s F-12, chick serum and chick embryo 
extract. 

After 6 days in culture, large masses 
of cartilage were formed from b and c, 
but few or small masses were formed from 
a and d. When these a and d fragments 
were pinned together (a+d), and cultured, 
large masses of cartilage were again 
formed. While, no chondrogenesis occurred 
from ata or dtd. 

These observation suggest first, the 
presence of different chondrogenic 
capacity along the antero-posterior axis 
in the leg bud, and second, the acquisi- 
tion of chondrogenic capacity in original- 
ly non-chondrogenic parts through 
rigion-rigion interaction. 
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PROXIMAL-DISTAL SEQUENCE OF THE DEVELOP- 
MENT OF THE SKELETAL TISSUES IN THE PENIS 
CF THE RAT: INDUCTIVE EFFECT OF EPITHELIUM 


IN TEIS PROCESS. 
R. Murakami. Biological Institute, 
Yamaguchi University, Yamaguchi. 

The penis of adult rats has a skele- 
tal system chiefly composed of the corpus 
cavernosum penis, the proximal-, and the 
distal-segments of the os penis which are 
situated proximal-distally in this order. 
The rudiments of these tissues can be 
formed without androgens, while the pheno- 
typic differentiation of these tissues is 
dependent on androgens. In the present 
study, the genital tubercular mesenchyme 
of fetal rats was recombined with or 
without the homologous or heterologous 
epithelia and transplanted beneath the 
kidney capsule of adult male rats, and the 
differentiation of the skeletal tissues 
was examined. Only in the presence of the 


epithelium, the genital tubercular 
mesenchyme can acquire the potency of the 
differentiation into the corpus cavernosum 
penis, the p-segment of os penis, and the 
d-segment of os penis in this chronolog- 
ical order. The inductive action of the 


epithelium is permissive one. The epithe- 
lium seems to be necessary for the process 
of the rudiment formation of the os penis 
and the corpus cavernosum penis. Some 
components in the basal lamina may be 
essential for the inductive action of the 
epithelium. 
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BRAIN GROWTH RETARDATION INDUCED BY 
COLLAGENASE, TRYPSIN AND PROTEASE IN THE 
CULTURED RAT EMBRYOS 
M. Matsuda’, K. P. Edward2, L. L. Reti3 
and R. Pepperell3. Inst. for Devl. 
Research, Aichi Prefec. Colony, Aichi, 
Reprod. Biol. Unit, Royal Women's 
Hospi., Melbourne, Australia and “Dep. 
of Obstet. and Gynaecol., Univ. of 
Melbourne, Melbourne, Australia 


The effect of collagenase, trypsin, 
protease and DNase on the rat embryonic 
development was surveyed by using rat 
embryo culture technique. Egg cylinder 
embryos were cultured according to New 
(1971) and observed after 48 hr 
cultivation. Although DNase-treated 
embryos developed normally, collagenase, 
trypsin and protease affected on 
embryonic brain specifically and 
produced short length head embryos. 
Overall growth was not affected by these 
reagents. Histological observation of 
collagenase-treated embryos indicated 
that the short length head and normally 
developed head were not similar figures 
as to neuroepithelium. These results 
suggest that the small sized brain may 
not be produced by the uniformaly 
reduction of neuroepithelial cells but 
may be produced by some disturbance of 
mitosis and cell movement or may be 
behind normal brain in development. 
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LOCATION OF THE SITE OF REVERSAL AND DI- 
RECTION OF THE SPERMATOGENIC WAVES IN THE 
SEMINIFEROUS TUBULES IN THE MOUSE. 

M. Chiba. Dept. of Biol., Fukushima Med. 
Coll., Fukushima. 


A survey was made in order to ascer- 
tain whether or not the site of reversal 
of the spermatogenic waves is always found 
in the vicinity of the large blood vessel 
Situated longitudinally on the ventral 
Surface of the mouse testis. 10 pm serial 
cross sections were made from a 30-day-old 
mouse testis fixed in Bouin's fixative,and 
Stained with the Mallory's stain. Two-di- 
mentional reconstruction maps of tubules 
were made through photomicrographs. In ad- 
dition to coding, coloring of the tubules 
in the photographic images facilitated the 
discrimination of tubule groups. Spermato- 
genesis was classified into four stages, 
which corresponded to the stages 1-8, 9, 
10-13, and 14 by Clermont for the rat. Al- 
lotment of four colors to the stages en- 
abled to determine the sequence of the 
stages rapidly. Examination of the stage 
sequence in the plane figures of the re- 
constructed tubules confirmed that all the 
waves of spermatogenesis oriented toward 
their site of reversal, that there was 
only one site in a tubule including its 
branches, and that the site was always 
found in the vicinity of the large blood 
vessel which is a conspicuous feature on 
the differentiating testis of the fetus. 
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INDUCTION OF PROSTATE GLANDS IN THE ADULT 
BLADDER EPITHELIUM OF ANDROGEN-INSENSITIVE 
(TFM) MICE. 

N. Suematsu. LOG. inst.) Fac! "of sel... 


Univ. of Tokyo, Tokyo. 

The urinary bladder epithelium of adult 
rats can be induced to form prostate-like 
structure when cultured in recombination 
with the urogenital sinus mesenchyme of 
fetal rats in the presence of androgens. 
Together with the prostatic gland forma- 
tion. the bladder epithelium loses its 
alkaline phosphatase activity, and ex- 
presses acid phosphatase and nonspecific 
esterase activities like the normal pros- 
tate. In the normal development, androgen 
receptors appear in the prostatic epitheli- 
um just before the lumen formation of the 
glands. To know whether the appearance 
of the receptors in the epithelium is re- 
lated to the functional differentiation 
of the glandular epithelium, we used the 
bladder epithelium of Tfm mice in the re- 
combination experiments. The Tfm epithelium 
formed prostate-like glands and differenti- 
ated functionally (loss of alkaline phos- 
phatase activity and expression of acid 
phosphatase and nonspecific esterase activ- 
ities) under the influence of fetal urogen- 
ital sinus mesenchyme and in the presence 
of androgens. These results indicate that 
the presence of androgen receptors in the 
prostatic epithelium is not necessarily 
essential in the epithelial differentiation 
at least so far as changes in these enzyme 
activities are concerned. 
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EXPRESSION OF IMMUNOREACTIVITY TO 
ANTI-SUCRASE SERUM IN THE ALLANTOIC ENDO- 
DERM OF THE CHICK EMBRYO. 

S. Matsushita. Dept. Biol., Tokyo Women’s 
Medical College, Tokyo. 

The expression of the immunoreactivity 
to antiserum against the purified intesti- 
nal sucrase of the chick was examined in 
the allantoic (AL) endoderm of the chick 
embryo during normal development and under 
in vitro culture conditions by immunocyto- 
chemical methods. 

Immunoelectron microscopy revealed 
that the immunoreactivity which was too 
small in amount to be detected by immuno- 
fluorescence method was expressed in the 
intact AL endoderm of 6-day embryos and 
embryos of older ages, but not in the AL 
endoderm of 3-day embryos. In the explants 
of undifferentiated 3-day AL fragments 
cultured in vitro for 7 days, the endoderm 
expressed a considerable amount of immuno- 
reactivity detectable by immunofluorescence 
method, but not in the explants of AL frag- 
ments of older embryos already expressing 
a small amount of immunoreactivity. 

These results showed that 1) the 
allantoic endoderm expresses a small amount 
of the immunoreactivity to anti-sucrase 
serum during normal development, and that 
2) the degree of the expression of the 
immunoreactivity can be increased under in 
vitro culture conditions in the undiffer- 
entiated allantoic endoderm. 
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EXPRESSION OF PEPSINOGEN ANTIGEN IN THE 

GIZZARD ENDODERM RECOMBINED WITH THE 

DIGESTIVE-TRACT MESENCHYMES OF CHICK 

EMBRYOS. 

K. Takiguchi, S. Yasugi and T. Mizuno. 

Zool. Inst., Univ. of Tokyo, Tokyo. 

a Pe Ra a rad oe a Se ae oN EN 
Avian stomach is composed of two or- 

gans, the proventriculus and the gizzard. 

The expression of an embryonic pepsinogen 


antigen, a marker protein of the proven- 
triculus of chick embryo, in the stomach 
endoderm recombined with the digestive- 


tract mesenchymes and cultured on the 
chorioallantoic membrane was investigated 
by the immunofluorescence method. Six-day 
proventricular and gizzard endoderms could 
express pepsinogen when recombined with 


6-day oesophageal, proventricular, Or 
small intestinal mesenchyme, but not with 
6-day gizzard mesenchyme. Chronological 
studies were also carried out. In the 


recombinates of the proventricular or 
gizzard endoderm and the proventricular 
mesenchyme, pepsinogen was first detected 
in a few epithelial cells after 3-days. 
The number of pepsinogen-positive cells 


increased with the culture period. After 
9-days, pepsinogen was detected in almost 
all glandular epithelial cells. These 
results indicate that the gizzard endoderm 
Can express pepsinogen like the proven- 
tricular endoderm under the suitable 
conditions, and that the gizzard mesen- 


chyme exerts inhibitory effect on the 
pepsinogen expression of the endoderm. 
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THE EFFECT OF HALOTHANE GAS ON THE HATCHED 
CHICKEN. 
H.Hasegawa, K.Nonoyama and H.Tanaka. Dept. 
of Biol., Aichi Univ.of Education, Kariya. 
The authors investigated the influence 
of halothane gas to the hatched chicken on 
the relationships between the concentration 
of the gas and the degree of growth inhibi- 
tion, the variation of serum LDH and the 
ultramicrostructure of the chicken liver. 
The growth inhibition was visualized for 
the chicken treated with halothane gas at a 
concentration of 0.1, 0.2 and 0.3% respec- 
tively after being fertilized for, 5 days. 
The variation of serum LDH patterns of the 
control was as follows: LDH 1 = 39.6, LDH 
2 = 28.5, EDH) 3 (= 12.57 ,EDH o4— ele mena clammy el 
5 = 7.9%, respectively. On the contrary, 
that of the 0.3% treatment was 41.1, 8.0, 
9.6, 9.3 and 31.0,respectively;the ratio of 
LDH 2 was decreased and that of LDH 5 was 
increased, conversely, to the ratio of the 
control. In order to investigate the cause 
of liver damage, the scanning electron mi- 
croscope was used on liver tissues obtained 
from the control and 0.3% treatment of the 
chicken. Although the net-like simusoid on 
the blood vessel of the control chicken 
liver was recognized, on the halothane gas 
treated chicken, the same simusoid was not 
found and blood was directly excluded from 
the Disse cavity. Many stretched micro- 
villis on the basic surface of the control 
chicken liver were clearly recognized, but 
the same microvillis were not formed at all 
on the treated chicken liver. 
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DIFFERENTIATION OF XENOPUS NEURAL CREST 
CELLS IN CLONAL CULTURE. 

E. Akira and H. Ide. Biol. Inst., Tohoku 
Univ., Sendai. 

Concerning the chromatophore differenti- 
ation in amphibian neural crest (NC), 
evidence has been recently established 
that the commitment of developmental fate 
occurs at relatively early stages (premi- 
gratory phase). However, to what extent 
individual NC cells is determined at the 
onset of migration is not certainly estab- 
lished. To elucidate the state of commit- 
ment of NC cells, we performed clonal 
culture of Xenopus NC cells and examined 
the properties of differentiated cells. 

NC cells which outgrew from neural tube 
explant were islated and plated at clonal 
density. The culture medium (50% L-15, 20% 
FCS) was previously conditioned with the 
cells which originated from the ventral 
mesoderm and ectoderm cells of Xenopus 
embryo to permit clonal growth of NC cells. 

Colonies obtained in this manner were 
classified into the following three types. 

1. All cells of colony are melanophores. 

2. All cells of colony are xanthophores. 

3. Some of cells are melanophores, the 
remainder is xanthophores. 

These results suggest that there is 
heterogeneity in the state of commitment 
for chromatophore differentiation in NC 
cells immediately after migration. 
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TRANSDIFFERENTIATION OF AMPHIBIAN 
CHROMATOPHORES. 

H. ide and E. Akira. Biol. Inst., 
Tohoku Univ., Sendai 

Xanthophores isolated from Xenopus 
laevis proliferated without conversion 
into melanophores in clonal culture. All 
the xanthophores and iridophores of bull- 
frog tadpoles, however, converted into 
melanophores in Similar culture condi- 
tions. The Xenopus xanthophores failed 
to convert in the conditions used for the 
culture of bullfrog xanthophores. fThus, 
the difference on the occurrence of in 
vitro conversion seems to be due to that 
of xanthophores, not of culture condi- 
tions. 

The proliferated Xenopus xanthophores 
were, dopa-negative and no melanization 
was observed by the addition of MSH, 
cyclic AMP or DMSO into the medium. 

' While the Xenopus xanthophores were 
dopa-negative in vivo, the bullfrog 
xanthophores were positive and the 
pterinosomes were melanized. Thus, the 
presence or absence of transdifferentia- 
tion into melanophores during in vitro 
proliferation may partially depend upon 
whether the xanthophores are dopa-posi- 
tive, although the conversion occurs 
through de novo formation of melanosomes 
in the xanthophores. 
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THE CONDENSATION OF NUCLEOLI IN OOGENESIS 
OF THE MOUSE. 

I.K. Takeuchi. Dept. of Embryol., Inst. 
of Develop. Res., Aichi Prefect. Colony, 
Kasugai. 

In the highly-reticulated nucleoli of 
the early-stage growing oocytes of the 
mouse, only the dense fibrillar components 
around the fibrillar center were densely 
stained with the ethanol-phosphotungstic 
acid (E-PTA) staining. The stainability 
of the nucleolar dense fibrillar compo- 
nents with the E-PTA staining was progres- 
Sively inhibited along with the nucleolar 
transformation from reticulated strand in- 
to large and compact spherule, occurring 
during the transition of growing oocytes 
from bilaminar to plurilaminar follicle 
stage. In the antral-stage oocytes, the 
nucleoli consisted of densely-condensed 
fibrillar materials, which remained com- 
pletely unstained after the E-PTA staining. 
The incubation of fixed ovaries with SDS 
plus DTT mixture or DTT alone before the 
E-PTA staining resulted in a dense staining 
of condensed fibrillar materials in the 
nucleoli of antral-stage oocytes, whereas 
the pre-treatment with SDS alone stained 
only a peripheral region of the spherical 
nucleoli. 

It was considered that the nucleoli of 
antral-stage oocytes contain a large a- 
mount of basic proteins, but a disulphide- 
bond may so tightly crosslinks the nucleo- 
lar fibrillar materials as to inhibit the 
access of PTA into the condensed nucleoli. 
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TWO TYPES OF THE NUAGE IN GROWING OOCYTES 
OF THE CHINESE HAMSTER OVARIES. 

Y.K. Takeuchi', I.K. Takeuchi’ and 

S. Sonta*. ‘Dept. of Anatomy, Gifu Coll. 
of Med. Technol., Seki, and “Inst. of Dev. 
Res., Aichi Prefect. Colony, Kasugai. 

In the early-stage growing oocytes of 
Chinese hamster ovaries, the nuage was ob- 
served as a dense accumulation of fibrous 
materials, usually associating with a num- 
ber of mitochondria (the first-type nuage). 
In the middle-stage growing oocytes, an- 
other type of nuage aggregate, a large 
round body and free from other cytoplasmic 
organelles, was found (the second-type 
nuage). In the late-stage growing oocytes, 
the first-type nuage was disappeared, and 
each mitochondria was present freely in 
the cytoplasm. The second-type nuage was 
irregular in its outline. In the antral- 
stage oocytes, any types of the nuage were 
not encountered. 

From the enzyme digestion studies using 
a water-miscible GMA as an embedding resin, 
both types of the nuage were shown to be 
made up of RNA and proteins. After treat- 
ment with the ethanol-phosphotungstic acid 
staining and also with the cobalt thiocya- 
nate staining, the first-type nuage was 
densely stained, whereas the second-type 
one remained only faintly stained. 

It was considered that the first-type 
nuage gradually loses its basic proteins 
and transforms into the second-type nuage, 
along with the oocyte's growth. 
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DEVELOPMENTAL MODIFICATION OF PRIMORDIAL 


GERM CELLS, INDUCED BY THE GENE ter IN 
129/Sv-ter MICE. orca 
M. Noguchil, Ny Aoyamal, H. Katayama, and 
T. Noguchi2. Bios ainst., Frac, Of Sci s,; 
Shizuoka Univ., Shizuoka, 2Natl. Inst. of 
Genetics, Mishima (Deceased Nov. 24, 1983). 
The recessive mutant gene ter causes 
germ cell deficiency, accompanied by a high 
incidence of testicular teratomas in ter/ 
ter genotypes in 129/Sv-ter mice (JNCI,75, 
385,1985). In order to establish the de- 
velopmental basis of sterility in the ter/ 
ter mice, the number and location of pri- 
mordial germ cells (PGCs) was examined in 
8-12 days embryos from matings of ter/+ x 
ter/+ and +/+ x +/+. PGCs were selective- 
ly stained by the azo dye coupling tech- 
nigue for alkaline phosphatase in complete 
serial sections. Formation of PGCs occur- 
red normally in all 8-day embryos. At 9 
days and later, during germinal migration 
from the yolk sac to the genital ridges, 
two distinct populations of embryos were 
observed. In one, the number of PGCs in- 
creased, in the other, totals remained 
very low. The latter would be ter/ter 
genotypes. The incidence (24.6%) of such 
cases was close to the theoretical fre- 
quency of 25%. Thus, it was shown that 
the gene ter causes extra-gonadal PGC de- 
ficiency in ter homozygotes in 129/Sv-ter 
embryos, accompanied by either testicular 
teratocarcinogenesis or the complete de- 
generation of germ cells after 12 days of 
gestation. 
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TERATOCARCINOGENESIS IN DISSOCIATED- 
REAGGREGATED MOUSE FETAL OVARIES. 
M.Noguchi, N.Mori and H.Katayama. Biol. 
Pnste. sbac. Of cCl os Sha zulokwanUmtnyaag. 
Shizuoka. 

Spontaneous ovarian teratomas in LT/Sv 
females are derived from parthenogeneti- 
cally activated oocytes in abnormal folli- 
cles. In order to analyse the interaction 
between oocytes and follicles in terato- 
carcinogenesis, we examined teratocarcino- 
genesis in the dissociated-reaggregated 
and transplanted fetal ovaries. Germ 
cells and somatic cells of fetal ovaries 
in LT/Sv or C3H/He mice were dissociated 
enzymatically and separated by their dif- 
ferent adhesiveness to the surface of 
dishes. Then, these cells were reaggre- 
gated by Gyratory shaker. The resultant 
aggregates were transplanted under the 
ovariectomized capsule. Two months later 
teratomas were detected in 52% of grown 
grafts in LT/Sv, whereas 0% in C3H/He. 
These incidences are very close to the 
original ones in both strains. Thus, it 
was shown that teratocarcinogenesis occurs 
in the ovaries in which the interaction 
between oocytes and follicles once has 
been disrupted by dissociation. Also, we 
reported the chimeric aggregates combined 
with LT germ cells and C3H somatic cells 
or reciprocally. 

This study was supported by a Grant-in- 
Aid for Special Project Research from the 
Ministry of Education, Science, and 
Culture (Project NO.60105001). 
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CYCLING OF MATURATION-PROMOTING FACTOR 
DURING MOUSE OOCYTE MATURATION. 

N. Hashimoto*,** and T. Kishimoto*. 
*Lab.Reprod.Biol., Natl.Inst.Basic Biol., 
Okazaki, **Zool.Inst., Univ.Tokyo,Tokyo. 

In mouse oocytes, the activity of a 
cytoplasmic maturation-promoting factor 
(MPF), capable of inducing maturation when 
injected into starfish oocytes, was 
studied during the course of meiotic 
maturation. MPF appeared first at the time 
of germinal vesicle breakdown (GVBD), and 
its activity fluctuated along with meiotic 
cycle: it reached a peak at the first and 
second metaphase, whereas it disappeared at 
E1tESe polar body extrusion (PBE) 2) paneche 
presence of cytochalasin D or colcemid, 
however, MPF remained at an elevated 
level after the first peak. Condensed 
chromosomes were observed in both cases, 
although meiotic spindles were present only 
in cytochalasin-treated oocytes. Thus, 
good correlation was found between MPF 
activity and metaphase chromosomes. 

When added to immature oocytes, dbcAMP 
prevented both GVBD and initial production 
of MPF. In contrast, dbcAMP applied after 
GVBD affected neither PBE nor change of MPF 
activity. Further, cycloheximide blocked 
PBE, although it had no effect on GVBD. In 
such a case, MPF did not reappeared after 
the first peak. These facts show that 
process of MPF production includes two 
phases: the first one is cAMP-sensitive and 
protein synthesis-independent, the second 
is cAMP-insensitive and protein synthesis-—- 
dependent. 
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SPERM STORAGE IN THE FEMALE REPRODUCTIVE 
TRACT OF PIPISTRELLUS ABRAMUS. 

T.MORI and TAJUCHIDA .) Zool 4 §labmetiaicnmmar 
Agr., Kyushu Univ., Fukuoka. 


The present study revealed the site and 


mode of prolonged sperm storage in the Jap- 
anese house bat. As for the mode of sperm 
storage, it involves the relationships be- 
tween the spermatozoa and the epithelium, 
which affect sperm viability in the storage 
sites, and phagocytosis of dead spermatozoa 
by the epithelial cells. 

Spermatozoa were stored in the uterus and 
the uterotubal junction. In the uterus, 
many microvilli of the epithelial cells had 
well-developed fuzz filaments with strong 
affinity for ruthenium red (Luft, 1971), 
and the spermatozoa whose heads were in 
contact with fuzz appeared to have a high 
viability ratio, compared with that of the 
spermatozoa remaining free in the lumen, 
which was confirmed by using the vital 
stain trypan blue (Talbot & Chacon, 1981). 
Neither epithelial engulfment of spermato- 
zoa nor leucocytic infiltration occurred in 
the uterus, although dead spermatozoa were 
present in the lumen. In the uterotubal 
junction, the heads of live spermatozoa 
telescoped into indentations between the 
microvilli with some fuzz. Dead spermatozoa 
which have been surrounded by the epitheli- 
al pseudopodia and which had been engulfed 
within the epithelial cells had a high 
electron-density after tannic acid fixation 
(Mizuhira & Futaesaku, 1972). 
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DIFFERENTIATION OF EXTRAHEPATIC BILE DUCT 
CELLS IN THE MOUSE EMBRYO. 

No SlmalOyjiiels Wejoes Ov WiOls., HAC. OF Sei. ; 
Shizuoka Univ., Shizuoka. 


It has been shown that Dolichos biflo- 


rus agglutinin (DBA) binds to bile duct 
GSolllls, love iaoOw InSoOavOCWvceS aha wae aclilic 
mouse liver. The present study was under- 
taken to clarify the process of differen- 
tiation of bile duct cells from the hepatae 
diverticulum by histochemical analysis of 
the developmental changes of DBA binding 
sites im the embryonic liver. 

C3H/HeJ strain mice were used. Tissues 
were fixed in cold 95% ethanol and 
embedded in paraffin. Dewaxed sections 
were incubated with horseradish peroxidase- 
labelled DBA (100 pg/ml) for 30 min at 
room temprature. D-N-acetylgalactosamine 
(0.2M) was used as the haptenic sugar. 

DBA binding was observed in some cells 
of the stratified hepatic diverticulum as 
well as the epithelial cells of the caudal 
diverticulum at 9.5 days. DBA-positive 
cells were sparsely distributed in the 
liver parenchyma of the median lobe at 
10.5 days, gradually locaiazed) near arene 
Cys vac) dulcv., and) then absent ain che moaren= 
Gayle, Bio 1355 Cavs, MOSm SxwieAlaejoa wi € 
loile Cuewe Gells COMmpsiavec tO OS MOSicivEe 
for DBA at these stages. These results 
suggest that at least a part of extra- 
hepatic bile duct cells is derived from the 
cranial portion of the hepatic diverticulum 
and hepatocytes in the liver parenchyma of 
the young embryo. 
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STUDIES ON CEREBELLAR HYPOPLASIA IN JAUN- 
DICED GUNN RATS: CRITICAL PERIOD FOR BILI- 
RUBIN TOXICITY 

H. Keino and S. Kashiwamata. Dept. Peri- 
natol., Inst. Dev. Res., Kasugai. 


A new strain of joundiced Gunn rats, 


which had been developed in our laboratory 
by introducing the j gene of a Wistar Gunn 
rat into Sprague-Dawley rats, was used. At 
the day of birth the plasma bilirubin (BR) 
level of homozygous (jj) rats were as low 
as 2.5 mg/dl, but it increased rapidly 
during the first 24 h, followed by a grad- 
ual rise up to days 17-20 reaching a peak 
value of 18 mg/dl. At day 30, plasma BR 
was leveled down to that at day 1. A 
marked cerebellar hypoplasia was observed 
in jj rats, but heterozygous (j+) rats 
showed a normal cerebellar development. 
Lobules I to VIII of the jj rat cerebellum 
were severely damaged, while lobule X and 
the ventral part of lobule IX were less 
affected. The cerebellar weight of jj 
rats, which had been irradiated from day 1 
to 15, were equivalent to that of j+ rats 
as examined at day 30. In the next experi- 
ments, the jj rats were irradiated for 24 
h at scheduled times, and the cerebellar 
wet weight, the area of cerebellar subre- 
gions and the number of Purkinje cells 
were estimated at day 30. It was shown 
that the cerebellar hypoplasia in jj rats 
were prevented effectively by photoirradi- 
ation at the period from day 4 through 11, 
and that the critical period for BR-in- 
duced hypoplasia lay at day 7. 
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RESUMPTION OF MEIOSIS IN MOUSE OOCYTES BY 
MICROINJECTION OF CALCIUM BUFFERS. 

Y. Hamaguchi. Biol. Lab., Tokyo Inst. of 
Technol., Tokyo. 

When two kinds of calcium buffers that 
contained EGTA and EDTAOH (N-hydroxyethyl- 
ethylenediamine-N,N',N'-triacetic acid) 
were injected into the oocytes obtained 
from hormonally superovulated ICR mice, 
cortical granules disappeared at Ca concen- 
tration of >1 pM. Anaphase chromosome 
movement was observed at 1 pM in 50% of the 
injected oocytes and at >4 pM in 962 
(271/281 of the oocytes) at 37% within 60 
min after injection. When the calcium 
buffer at Ca concentration of 33 pM was 
injected, it took 21.7+6.4 min (meants.d. 
of 111 oocytes) after injection that chro- 
mosomes separated about 5 pm and it took 
longer when the buffer solutions at lower 
Ca concentrations were injected. Resump- 
tion rate and time after injection to the 
beginning of anaphase was hardly dependent 
on the time after ovulation (12-20 hr after 
HCG injection). This resumption depended 
on incubation temperature. At 25°C 
anaphase did not begin though the cortical 
granules disappeared. When the solutions 
at <0.5 pM Ca, containing 50 mM EDTAOH, 
were injected, the oocytes sometimes 
resumed meiosis although the cortical 
granules appeared to remain. However, 
anaphase began much later after injection 
and the ratio of the oocytes resumed 
meiosis to total injected ones was low. 
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EMBRYO-DERIVED CELL LINES DIRECTLY 
ISOLATED FROM MOUSE BLASTOCYSTS. 
H.Suemori, Y.Kadakawa, M.Iwami and N. 
Nakatsuji. Division of Developmental 
Biology, Meiji Institute of Health 


Science, Odawara. 
Recently, embryo-derived stem (ES) cell 


lines have been isolated directly from 
mouse early embryos. They are considered 
to be very similar to the stem cells in 
normal early embryos and can be very use- 
ful for study of the cell differentiation 
and other processes during early mammalian 
embryogenesis. 

We have tried to establish ES cell 
lines from C57BL/6 and 129 strain mouse 
embryos. Inner cell masses emerged in 
culture of the blastocysts were picked up 
and cultured on a feeder layer made by STO 
cells treated with mitomycin C. Growing 
colonies were subcultured several times 
using multi-well culture plates with pro- 
gressively larger well size. From 20 to 
40% of blastocysts gave established cell 
lines maintained as undifferentiated cells 
in culture dishes (total of 50 cell lines 
so far), which are continuously subcul- 
tured twice a week on the feeder layer. 
These cells were injected subcutaneously 
into syngenic mice to test their differen- 
tiation potential. The majority of the 
cell lines formed solid tumors containing 
various differentiated tissues such as 
cartilage, epitheria, striated muscle and 
pigmented cells, thus suggesting pluripo- 
tency of these cell lines. 
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A NEW SPERM-ACTIVATING PEPTIDE(MOSACT) IS ISOLATED 
FROM THE EGG JELLY OF CLYPEASTER JAPONICUS 


N. Suzuki and M.Yamaguchi, Noto Marine Lab. Kanazawa 
Univ. Ogi, Uchiura, Ishikawa 927-05. 


It has been reported that substances associated with 
the eggs of certain species of sea urchin activate 

the respiration and motility of sea urchin spermato- 
zoa. The substances have been identified as peptide, 


the major peptide of Hemicentrotus pulcherrimus or 
Strongylocentrotus purpuratus Beith peperacc(@lpupies 
Asp-Leu-Asn-Gly-Gly-Gly-Val-Gly) and “4 major 
peptide of Arbacia punctulata being resact(Cys-Val- 
Thr-Gly-Ala-Pro-Gly-Cys-Val-Gly-Gly-Gly-Arg-LeuNH>). 
Speract and resact show no cross-reactivity between 
A.punctulata or H.pulcherrimus or S.purpuratus 
spermatozoa. The respiration and motility o 
Clypeaster japonicus spermatozoa, however, are not 
activated by speract or resact. The respiration and 
motility of C.japonicus spermatozoa is activated by 
the addition 53 the egg jelly of C. japonicus. The 
responsible substance was isolated and purified 
from the egg jelly by 70% ethanol extraction and 
subsequent high-performance liquid chromatography, 
being identified as peptide. The peptide half- 
maximally stimulates C. japonicus sperm respiration 
at 0.5 nM at an seem aatar pH of 6.8. The peptide 
does not cross-react with H.pulcherrimus or Anthoci- 
daris crassispina spermatozoa. The amino acid 
sequence of the peptide has not been determined but 
its composition is : Asp(2.1 nmol), Ser(1.7 nmol), 
Gly(1.3 nmol), Ala(1.0 nmol), Ile(1.1 nmol) and 
Leu(1.2 nmol). The peptide, obviously different 
from speract or resact based on both amino acid 
composition as well as biological activity, has 
been named mosact. 
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IN VITRO DNA SYNTHESIZING SYSTEM USING SEA URCHIN 
EMBRYOS : NUCLEAR MEMBRANE-DNA REPLICASE COMPLEX. 


Masaki Shioda. Dept. of Physiological Chemistry and 
Nutrition, Fac. of Medicine, Univ. of Tokyo, Tokyo. 


Membrane fraction which contained the nuclear 
membrane-DNA replicase complex was prepared from 
the 15-h old embryos (at 20 °C) of the sea urchin, 
Hemicentrotus pulcherrimus, and its DNA synthesiz- 
ing activity was examined. The fraction synthesized 
DNA on the single-stranded DNA of phage fd as a 
template. The DNA synthesis was dependent on ATP, 
CTP, GTP and UTP. During 30-min incubation, about 
0.1-1.0 k bases of DNA was synthesized. Pulse 
labelling and chase experiments showed that short 
DNA fragments (about 70-130 bases in length) were 
synthesized first, followed by growing of the DNA 
to longer DNA, in the DNA synthesis. 

A little amount of RNA synthesis was also detec- 
able in relation to the DNA synthesis. [y-32P]ATP 
was incorporated into the reaction products. The 
[y-52P]ATP labelled products were about 80-140 bases 
in length, but they became about 10-11 bases in 
length by digesting of the products with pancreatic 
DNase I. These results indicate that small RNA 
fragments attach at the 5' end of the short DNA 
fragments. Thus, the short DNA fragments resemble 
to in vivo Okazaki fragments. 

From these results, we propose that the membrane 
fraction synthesizes Okazaki fragments in vitro. 
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IHHIBITORY EFFECT OF Ca’* ANTAGONISTS 
ACTIVATION OF SEA URCHIN EGGS BY 
Ca?* ionophore 
'A. Fujiwara, 'M. Komukai,?Y. Fujino and 
'IT. Yasumasu. 'Dept. of Biol. Sch. of Edu. 
Waseda Univ., Tokyo, *Dept of Pharma. 
Teikyo Univ., Tokyo 


To find out possible role of Ca’* influx 
in the mechanism of egg activation in sea 
urchin eggs, effects of several Ca’* antago- 
nists on fertilization membrane formation 
and acid production were examined in eggs 
activated by Ca’t ionophore, A23187. These 
induced by Ca** ionophore in normal artifi- 
cial sea water were not inhibited by nife- 
dipine, a specific Ca’* channel blocker in 
cell membrane but were considerably inhib- 
ited by diltiazem and verapamil, whereas 
nifedipine exerted the strongest inhibitory 
effect on ‘°Ca’* uptake in activated eggs 
among these Ca’* antagonists. Free Ca?+ in- 
crease resulting from Ca’* release in intra- 
cellular organellae is enough to stimulate 
eggs. In Ca’* free artificial sea water, 
diltiazem and verapamil exhibited stronger 
inhibitory effects on fertilization mem- 
brane elevation and acid production than 
in normal sea water. Ca’* addition to the 
Ca** free egg suspension shortly after Ca’* 
ionophore addition reversed, to some ex- 
tent, the inhibitions caused by these two 
Ca’* antagonists. Ca‘’* uptake into eggs 
probably participates in free Ca’*t increase, 
as a "fail-safe" system. 
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EFFECTS OF N-METHYL-N '-NITRO-N-NITROSO- 
GUANIDINE AND 3-AMINOBENZAMIDE ON THE 
DEVELOPMENT OF SEA URCHIN EMBRYOS 
I. Yasumasu and A. Fujiwara. Dept. of 
Biol. Sch. of Edu. Waseda Univ., Tokyo 


Culture of embryos in N-methy1-N'-nitro- 
N-nitrosoguanidine (MNNG) or 3-aminobenza- 
mide (3-ABA), including a period of devel- 
opment between 18 and 28 hr after fertili- 
zation (gastrulation), produced undeveloped 
embryos with exoguts. To find out possible 
mechanism for the inhibition of morphogene- 
sis by MNNG-induced methylation of protein, 
RNA or DNA, incorporation of ['c-methy1] 
group from ['‘c-methyl]MNNG into these sub- 
stances was examined. In all examined 
stages, these substances with '4C-radioac- 
tivity were found in '4c-MNNG treated embry- 
os. Half life of ''c-radioactivity in DNA 
fraction was about 1 hr but was longer than 
10 hrs in protein or RNA fraction. 3-ABA 
elongated the half life in DNA in the em- 
bryos. Treatment with MNNG or 3-ABA in 
pre- and post-gastrulation periods did not 
produced abnormal embryos, but MNNG treat-— 
ment in pre-gastrulation period followed by 
3-ABA treatment, in a duration including 
gastrulation period at lower concentrations 
than yeilding abnormalities, produced ab- 
normal embryos. Excess methylation of DNA 
by MNNG probably produces abnormal embryos 
and release of methyl group may depend on 
[ADP ribosyl]ation, which is inhibited by 
3-ABA. 
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POLY (A+) -RNA EXTRACTED FROM VEGETALI ZED 
SEA URCHIN 24 HR EMBRYOS HYBRIDIZED 

TO A LESSER EXTENT WITH SPERM DNA THAN 
THAT FROM NORMAL LARVAE. 

M.Komukai, Y.Shimizu and I.Yasumasu 

Dept. of Biol., Sch. of Educ., Waseda Univ. 
Tokyo. 


Lit+ induces vegetalization in sea urchin 
embryos. In order to determine the time of 
de novo RNA syntheses indispensable for the 
formation of exogut in Lit-treated embryo, 
vegetalized embryos were exposed to actino- 
mycin D (20 pg/ml) at various times after 
fertilization. The formation of exoguts 
was not inhibited by adding actinomycin D 
laters than) 24 hz of) fertilization mune 
result indicates that RNA syntheses for the 
formation of exoguts have already finished 
until 24 hrwaftern fexrtilizatvonr 

Poly (At)-RNA extracted from 24 hr normal 
or vegetalized embryos was hybridized with 
sperm DNA in the presence of 80 2(V/V) 
formamide at 55 °C, and treated with Sl 
nuclease at 37 °C for 1 hr, then the hybrid 
was precipitated in cold ethanol. 
Sl-resistant DNA-RNA hybrids were electro- 
phoresed in neutral agarose gel (1.4 3%) at 
40 V constant for 5 hr. Surprisingly, 
poly (At) -RNA extracted from vegetalized 
sea urchin 24 hr embryos hybridized to a 
much lesser extent with sperm DNA than that 
from normal gastrulae. 
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EFFECTS OF A FUCOSE-SPECIFIC LECTIN ON SEA 
URCHIN DEVELOPMENT. 

K.Shirai, Y.Sekiguchi, I.Itabashi, H.Ishii 
and Y.Tonegawa. Dept. of Regulation 
Biology, Saitama Univ., Urawa. 


A fucose-specific lectin(AAA) was 
isolated from a fungus, Aleuria aurantia, 
and examined for its activity on sea 
urchin development. The lectin inhibited 
the gastrulation of sea urchin embryos 
(Hemicentrotus pulcherrimus), when it was 
added to the culture medium at a concentra- 
tion between 5 and 80 pg/ ml. It caused 
temporary arrest of gastrulation atany 
stages between mesenchyme blastula and 
middle gastrula. This arrest was released 
specifically by the addition of fucose. 
Accordingly,the inhibition of gastrulation 
is due to sugar-specific binding of this 
lectin to sea urchin embryos. 

To localize AAA-reactive sites in sea 
urchin embryos, sectioned embryos were 
stained with FITC-conjugated lectin. The 
fluorescence was distinct in the hyaline 
layer and most prominent in the gut cavity 
of invaginating archenteron at early and 
middle gastrula stage. In earlier stages, 
the fluorescence was detected also in the 
cytoplasm. This staining was completely 
inhibited by fucose. In addition, AAA was 
shown to immobilize the swimming embryos 
instantaneously. 
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PRONUCLEUS FORMATION IN THE BRITTLE-STAR 
EGGS MATURED IN VITRO. 


M. Yamashita. Zool. Inst., Fac. of Sci., 
Hokkaido Univ., Sapporo. 


Pronucleus formation in the brittle- 
star (Amphipholis kochii) eggs matured in 
vitro was analyzed by autoradiography and 
transmission electron microscopy. Oocyte 
maturation, i.e., meiosis reinitiation 
with germinal vesicle breakdown (GVBD) 
was induced by treating the isolated oo- 
cytes with acid sea water (pH=3.0) con- 
taining 10 mM 3', 5'-cyclic adenosine 
monophosphate (cAMP) for 2 min. Male and 
female pronuclei formed and synthesized 
DNA both in the in vitro matured eggs and 
in the in vivo matured ones on the same 
time schedule. The incorporated sperm 
nuclei, as well as the egg chromosomes, 
decondensed and developed into the pronu- 
clei surrounded by intact nuclear enve- 
lope with nuclear pores, even when the 
cAMP-treated oocytes before GVBD were 
continuously treated with protein synthe- 
sis inhibitors (emetine, 150 pg/ml; puro- 
mycin, 800 pg/ml). However, these pronu- 
clei did not initiate DNA synthesis. The 
sperm nuclei introduced into the GV- 
intact oocytes did not decondense until 
GVBD. These results suggest that factors 
responsible for the male pronucleus for- 
mation, except for the initiation of DNA 
synthesis, are equipped in the cytoplasm 
after GVBD, without any protein synthesis 
around and after GVBD. 
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GLYCOSIDASES OF THE SEA URCHIN. 

Y. Yokotal and E. Nakano2. lBiol. Lab., 
Aichi Pref. Univ., and 2Dept. Biol., Nagoya 
Univ., Nagoya. 


Glycosidases, 8-galactosidase (Gal), a- 
Mannosidase (Man), a-L-fucosidase (Fuc), 
8-N-acetylglucosaminidase (Agl), 8-N- 
acetylgalactosaminidase (Aga) and 8-glucu- 
ronidase (Glu), were studied in unfertiliz- 
ed eggs and guts of Hemicentrotus pulche- 
rrimus. Agl activity was the highest, Glu 
activity being the lowest, both in eggs 
and guts. The highest activity of all en- 
zymes from both sources was observed at pH 
between 3 and 4. Man activity of the gut 
showed the small peak arround pH 7. Gal, 
Man, Fuc, Agl and Aga were partially puri- 
fied and characterized. Kms at the optimum 
pH were estimated with p-nitrophenyl deriv- 
atives, to be 1.6 mM, 5.0 mM, 0.18 mM, 
0.35 mM and 0.33 mM for Gal, Man, Fuc, Agl 
and Aga from eggs, and 1.8 mM, 4.0 mM, 
0.42 mM, 0.67 mM and 0.31 mM for Gal, Man, 
Fuc, Agl and Aga from guts, respectively. 
Gel filtration gave Gal, Man, Fuc, Agl and 
Aga from eggs 140,000, 320,000, 350,000, 
190,000 and 190,000 of molecular weight, 
respectively. Gal from both sources ap- 
peared to have a similar molecular weight, 
as Fuc in eggs was similar to that of guts. 
Man, Agl and Aga from guts seemed smaller 
in molecular size than those from eggs. 
Agl and Aga were not distinguished from 
each other in molecular size and thermo- 
stability. 
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MECHANISM OF SPICULOGENESIS IN SEA URCHIN 
EMBRYOS 21 
M.Iwata and E.Nakano . Friday Harbox Labs. 
Univ. of Washington, U.S.A. and Dept. 
of Biol., Nagoya Univ., Nagoya 

Previous studies from our laboratory 
have demonstrated that fibronectin and 
fibronectin-binding acid polysaccharide 
are localized in the extracellular matrix 
surrounding mesenchyme cells and primitive 
gut and they play important roles in spicu- 
logenesis of sea urchin embryos. In the 
present study, we found that a calcium- 
binding protein extracted in Triton X-100 
accumulates rapidly during early develop- 
ment starting at the onset of spiculoge- 
nesis. This protein, designated as CBP 
180 kd, has a molecular weight of 180 kd. 
When embryos are cultured in the presence 
of inhibitors, such as tunicamycin and 
zinc ion, accumulation of CBP 180 kd is 
depressed or stopped. Using an antibody 
specially generated against CBP 180 kd, 
it is localized by immunofluorescence in 
spicules and primary mesenchyme. cells of 
pluteus larva. Little or none is detect- 
able in the ectoderm, endoderm or blasto- 
coelar extracellular matrix. These results 
suggest that CBP 180 kd is involved in 
calcium sequestration in the differentia- 
tion of larval spicules. 
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PURIFICCATION OF ARYLSULFATASE FROM SEA 
URCHIN (HEMICENTROTUS PULCHERRIMUS) 
EMBRYOS 
H. Sasaki, K. Akasaka, H. Shimada and T. 
Shiroya 
“AoeIks INS, IPE C22 SEIo, Winlwo oie 
Tokyo, Tokyo. 


In the sea urchin, a tremendous 
increase in arylsulfatase (ARS) activity 
occurs after blastula stage. Active 
staining of the electrophoretogram of the 
crude ARS extract revealed the presence 
of only a single species of the enzyme in 
sea urchin embryos. In order to study 
the mechanism underlying the increase in 
ARS, we tried to purify the enzyme from 
Hemicentrotus pulcherrimus plutei by 
DEAE-cellulose chromatography, acetone 
fractionation and Sepharose CL-6B gel 
chromatography. Purified ARS was 
electrophoretically homogeneous. The 
Speci ficy activity eewasme4 ao) sunsets / nic, 
protein, and the final yield was 6.3 &. 
The molecular weight as determined by 
SDS-PAGE was 1.8 x 10~ daltons. The 
enzyme consisted of the three identical 
Soa s with the molecular weight of 6.3 
x 10a daltons: as determined by SDS- 
9%PAGE. 
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S-PHASE RELATED CHANGE IN NUCLEAR AP4A- 
BINDING ACTICITY IN SEA URCHIN EMBRYOS 

M. Morioka and H. Shimada. JZool.Inst., Fac. 
Sci., University of Tokyo, Tokyo. 


Previously, we reported that AP4A is 
actively synthesized in sea urchin embryos, 
and that the cellular level of soluble AP4g4A 
undergoes a drastic fluctuation during cell 
cycle, characterized by its rapid increase 
during mitosis and a rapid decrease prior to 
the onset of the subsequent S phase. Inthe 
present study, we investigated the AP4A- 
binding activity of sea urchin embryos. 

When 3H-AP4gA was incorporated into the 
permeabilized embryonic cells, it specifi- 
cally bound to nuclei. 3H-AP4A bound also 
EO Ene =tsolateds nuciicd sane we EO), seaneetamais 
binding was not interfered bya large excess 
of AP3A, APSA, and GPq4G. ATP only slightly 
inhibited the binding of AP4A to nuclei. 
Since AP4A bound to the nuclear proteins 
which were resistant to 2M NaCl extraction, 
the site of binding was estimated to be the 
nuclear matrix. A rapid and short-term 
increase in nuclear AP4gA-binding activity 
was observed at the beginning of every S 
phase. When the initiation of S phase was 
blocked by inhibitors of DNA and protein 
syntheses, the increase of nuclear AP4A- 
binding activity was prevented. 

It seems that the binding of AP4A to 
nuclear matrix may be important for the 
initiation of S phase in the sea urchin 
embryos. 
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TRYPSIN INHIBITOR FROM SPERM OF THE SEA 
URCHIN, STRONGYLOCENTROTUS INTERMEDIUS 2. 
K.Matsumura, Y.Yamada and K.Aketa. Akkeshi 
Mar. Biol. Stat., Hokkaido Univ., Akkeshi 


Hokkaido. 


In the previous study, a trypsin in- 
hibitor from the sea urchin sperm (STI) was 
partially purified and it was shown that 
its inhibitory activity was suppressed by 
10 mM Ca2+ and that STI was released from 
the sperm surface by sea water containing 
30 mM Ca2t ( Matsumura et al., Zool. Science 
1, 930, L984 

In the present study, it was found that 
seminal plasma also inhibited strongly the 
BAEE esterase activity of the sperm ex- 
tract, but, contrary to STL sa es anhwomeony, 
activity against bovine pancreatic trypsin 
was very weak. Seminal plasma was applied 
to trypsin-Sepharose 6B, and the inhibitory 
activity was eluted by 30 mM Ca2t. It ap- 
pears that the inhibitor found in the semi- 
nal plasma is different from STI, except 
that both inhibitory, activities are sup- 
pressed by 10 mM Ca. 

It is reported that the trypsin inhibi- 
tor present in seminal plasma of mammals 
might be removed during capacitation. Al- 
though it is not known whether or when sea 
urchin sperm are capacitated, it seems 
likely that when the sperm are spawned into 
sea water, inhibitory activity_of the semi- 
nal plasma is suppressed by Ca2+ in sea wa- 
ter and sperm "awakening" or "capacitation" 
takes place. 
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BIOCHEMICAL CHANGES IN THE SEA URCHIN 
SPERM WHICH WERE TREATED WITH THE PROTEIN 
RICH FRACTION OF EGG JELLY. 

A. Hino! and B. M. ShapiroZ2, Depts ofeBaole 
Nagoya Univ., Aichi, 2Dept. of Biochem., 
Univ. of Washington, Seattle, U.S.A. 

To investigate the mechanism of the 
induction of acrosome reaction (AR) of sea 
urchin sperm, dialyzed egg jelly was sepa- 
rated to two fractions by gel filtration. 
The material excluded from Sepharose CL 4B 
contained fucose-sulfate polysaccharide (F 
fraction) which induces the AR of sperm. 
Another protein-rich fraction (p) was obtain- 
ed later by this chromatography. When sperm 
were treated with this P fraction, the exo- 
cytosis and filament formation were not in- 
duced but the mitochondrial movement was 
observed. The F fraction induced 45Ca up- 
take in sperm but P fraction failed to it. 
The P fraction caused the increase in inter- 
nal pH of sperm. All of these effects were 
detected on sperm which were treated in 
normal sea water. In sea water (pH6.5), 
more than five fold increase in the respi- 
ratory rate of sperm was determined. There 
was no effect on the ability of spermto ferti- 
lize eggs within 10 min incubation of the P 
fraction, but longer incubation deprived 
their fertilizing capacity and such treated 
sperm did not undergo AR by the subsequent 
addition of the jelly. These data suggest 
that the P fraction of the jelly have some 
important roles in the mechanism of induc- 
tion of AR. Supported by NIH Grants 
GM 23910 and HD 18670. 
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PROPERTIES OF PROTEOLYTIC ACTIVITIES FROM 
TOAD SPERM INVOLVED IN FERTILIZATION. 

K.Takamune and Ch.Katagiri. Zool. Inst., 
Fac. of Science, Hokkaido Univ., Sapporo. 


The supernatant after treatment of 
sperm of the toad, Bufo bufo japonicus, 
with Ca-ionophore A 23187 contained a 
strong lytic activity against the 
vitelline coat (VC) of uterine eggs 
(UEVC) but not that of coelomic eggs 
(CEVC). Fluorometric determinations of 
released proteins from fragmented VC upon 
incubation with the VC lysin revealed 
that, consistent with the in vivo 
observations on fresh eggs, the UEVC and 
CEVC pretreated with pars recta extract 
are far more susceptible to the lysin 
than the intact CEVC. The VC lysin did 
not hydrolyze the species protamine, but 
a strong protamine-degrading activity was 
collected when the A 23187-treated sperm 
were further treated with Triton X-100. 
This activity, presumably more tightly 
bound to membranes, was optimal at pH at 
7.4-8.0, was heat labile, and was 
inhibited by SBTI but not PMSF. The 
enzymes studied here are likely to 
represent the activities that function at 
different steps of fertilization, viz. 
before (VC lysin) and after (protamine- 
degrading enzyme) gamete fusion. 
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SYNTHESIS OF MURINE DIHYDROFOLATE REDUCTASE 
IN XENOPUS OOCYTES. 
S. Ikegami, K. Mori, S. Sasaki, T. Higaki 
and J. Imayoshi. Dept. Applied Biochem., 
Hiroshima Univ., Fukuyama-shi 720. 
eee eee 
We have shown that the level of the di- 
hydrofolate reductase (DHFR) in the embryo 
of the starfish , Asterina pectinifera, is 
kept nearly constant at 20 pg per embryo 
from fertilization to the beginning of bla- 
stulation and that this enzyme is involved 
in maintaining the dTTP level to meet the 
demand for rapid chromosomal replication 
during early claving stages of development 
[S. Ikegami et al., Develop. Growth Differ. 
Big? sas. L985)). 
— We were able to show that poly(A)*RNA of 
the embryo at the early cleaving stage of 
development hybridized to cDNA of murine 
DHFR. We also showed that translation of 
DHFR occurred in Xenopus laevis oocytes 
which were microinjected with poly(A)*RNA 
of methotrexate-resistant mutants of murine 
mammary carcinoma FM3A cells. Furthermore, 
oocytes whose germinal vesicles were micro- 
injected with a plasmid containing adeno- 
virus major late promotor located upstream 
of murine DHFR cDNA produced DHFR mRNA. 
These results suggest that Xenopus oocytes 
are a useful system for determining the 
extent of expression of DHFR gene in star- 
fish embryos. 


DB 168 


METABOLISM OF ROUND SPERMATIDS OF RAT TESTES: 

11, PYRUVATE CANNOT MAINTAIN THE ATP LEVEL. 

M, Nakamura, S. Okinaga and K. Arai. Dept. of OB/GYN. 
Sch. of Med., Teikyo Univ. Tokyo 173. 

Pyruvate was consumed by round spermatids of rats 
at considerable rate, but pyruvate reduction to lac- 
tate was more favorable than its oxidation to CO,. 
There was no change in the levels of intermediates in 
the TCA cycle when pyruvate was oxidized. The rate 
of pyruvate oxidation in mitochondria was not enough 
to maintain the ATP level. However, the ATP level was 
maintained by addition of pyruvate and d-ketoacid ( 
o-ketovalerate or o-ketobutyrate). ATP maintenance 
with these substrates was completely blocked by 5- 
methoxyindole-2-carboxylic acid, rotenone and 2,4- 
dinitrophenol. The oxygen consumption in spermatids 
increased by pyruvate and d-ketobutyrate, but it was 
inhibited by rotenone. At concentrations of pyruvate 
lower than 1 mM, oketoacid suppresssed pyruvate tra- 
nsport into the cells, pyruvate reduction to lactate 
and pyruvate oxidation to C0,. Beyond | mM pyruvate, 
pyruvate oxidation to CO, was markedly enhanced in 
the presence of o-ketoactd. In this case, Km and Vmax 
values for pyruvate oxidation were increased. The 
distribution of lactate dehydrogenase (LDH) in the 
cells was also examined. The LDH activity in the mi- 
tochondrial fraction represented 6-8% of the total 
LDH activity. LDH of spermatids showed the affinity 
for a&ketoacid greater than for pyruvate, but the 
reduction of the former was much slower than that of 
the latter. For maintenance of ATP levels in sperma- 
tids, pyruvate oxidation must be increased. The LDHs 
in the mitochondria and cytosol play a very important 
role in the production of ATP in spermatids. 
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PHOTOPERIOD-SENSITIVE STAGE AND NUMBER OF 
REQUIRED CYCLES FOR THE CONTROL OF DIAPAUSE 
DETERMINATION IN PAPILIO XUTHUS L. 

K.nnGo and. Li. kto. SBi6ivingt sy, Fac. ScL.., 
Yamaguchi Univ. ,Yamaguchi. 


To clarify when and how long larval ex- 
posure to a daylength is required for pre- 
vention or induction of diapause in Papilio 
xuthus, larvae were exposed to adverse con- 
ditions against the photoperiods under 
which they were raised from the egg stage. 

50% of diapause pupae were induced by 
the exposure to 8 short days and the majo- 
rity of pupae were in diapause, when the 
exposure was continued for 13 days. Besides, 
in prevention of diapause, 50% and 100% 
were achieved by the exposure to 5 and 10 
long days, respectively. , 

When the exposure to daylength was made 
on larvae aging from the day of the 2nd in- 
star to the middle day of the 5th instar, 
the insects showed a large response almost 
corresponding to the maximal response to 
the cycles of long or short days. But, when 
the exposure was started from earlier days 
than the day of the 2nd instar or continued 
on days following the middle day of the 5th 
instar, the response became small. 

The results indicated that the photo- 
period-sensitive stage covers about 13 of 
20-21 days required for larval development 
at 25°C. Number of required long (or short) 
days varies with individuals from 1-10 (or 
4-13) days for prevention (or induction) of 
diapause. 
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THE MECHANISM UNDERLYING PHOTOPERIODIC 
TIME-MEASUREMENT IN THE SWALLOWTAIL 
BUTTERFLY, PAPILIO XUTHUS. 

K. Nakahama and K. Endo 
Ibe, One WO, WEG. Of SGl., 
Univ. of Yamaguchi, Yamaguchi. 


The mechanism underlying the photoper- 
iodic time-measurement was studied in 
Papilio xuthus. Groups of insects were 
reared from the egg stage under either 
complete photoperiods or asymmetrical 
skeleton photoperiods. Then, the 4th 
larval ecdysis and prevention of diapause 
were examined. 

Under complete photoperiods, larval 
ecdysis occurred in a 5- to 8-hr period 
of day. When length of light period 
was changed from 2 to 22 hr accoding 
to groups, the time of larval ecdysis 
moved in almost parallel to the mid-time 
of light periods. Besides, the larval 
ecdysis delayed, when dark periods were 
interrupted by a pulse of 30-min during 
6 hours following dusk. But, the delay 
of larval ecdysis did not occur, when 
dark period was interrupted thereafter. 

Talking the movements of the time 
of larval ecdysis into consideration 
together with the PTTH-secretion (34 
hours before ecdysis), the mechanism 
of photoperiodic time-measurement may 
be explained in P. xuthus by a model 
of "external coincidence" demonstrated 
by Pittendrigh and Minis (1964). 
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LOCALIZATION OF PHOTORECEPTORE SITE FOR 
PHOTOPERIODIC INDUCTION OF BOMBYX MORI. 

K. Hasegawa and I. Shimizu. Lab. for Plant 
Ecological Studies, Fac. of Science, Kyoto 
Univ. Kyoto. 


In some insects species it has been dem- 
onstrated that brain is the photoreceptive 
Organ involved in the photoperiodic indu- 
ction. Some experiments using a variety 
"Daizo'", that shows a photoperiodic respo- 
nse for diapause during the larval stage, 
were carried out to know the photoreceptive 
Site. Masking experiments with black paint 
Showed the photoreceptor was localized in 
the larval head, but that it was extra- 
ocular one. 

Further, the. transplantation experiments 
showed that the photoperiodic information 
was perceived and stored by Br-SG complex 
which was transplanted in the 5th instar 
larval abdomen. It was confirmed also that 
the silkworm brain controled the secretion 
of diapause hormone from SG. 

These results suggested that brain con- 
tained the photoreceptive site and photo- 
periodic clock, and controled the diapause 
hormone secretion from SG. 
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STIMULATORY ACTIVITY OF ECDYSTEROIDS ON 
OVARIAN GROWTH IN BOMBYX MORI AND ITS 
APPLICATION TO BIOASSAY. 

E.Ohnishi. Biol.inst., Faculte Sci, Nagoya 
Univ.,Chikusa-ku,Nagoya Japan. 


In the isolated pupal abdomens of Bombyx 
mori,ovaries remain in an immature state. 
When ecdysone was injected into the abdo- 
mens, Ovaries grew and matured. The growth 
and maturation occurred in a dose-depend- 
ent manner. Under the conditions used, half 
maximal growth was observed at a dose be- 
tween 1 to 2 ug of ecdysone. This dose is 
close to the physiological concentration at 
early pupal stage. In the ovary of Bombyx, 
several ecdysteroids specific to ovarian- 
embryonic stages have been found. These 
ecdysteroids were isolated from the ovaries 
and were bioassayed by use of the stimula- 
tory activity on ovarian growth. The result 
indicated that lack of OH-gr at C-2 reduced 
the activity to 1/75 and that late-27 aro 
negligible ; whereas addition of OH-gr at 
C-20 enhanced about 2-fold. These facts 
are consistent with the hypothesis that 
growth of ovary is triggered by the action 
of prothoracic gland- derived ecdysone and 
ecdysteroids specific to ovarian-embryonic 
stages are the stored precursors which 
have low or negligible activity in them- 
selves. 


EN 5 
MONOCLONAL ANTIBODY AGAINST PROTHORACICO= 
TROPIC HORMONE IN BOMBYX MORI : ITS CHARA- 
CTERIZATION AND APPLICATION TO IMMUNO- 
HISTOCHEMISTRY. 
A.Mizo uchil, H.Ishizakil, H.Nagasawa@, A. 
Suzuki¢, C.Kitada3, and M.Fujino?-. 

Biol. Inst.) Hac. Of Scil.,) NagoyamUmuavaen, 


Nagoya, 2Dept. of Agr. chem., The Univ. of 


Tokyo, Tokyo and 3Takeda Co.Ltd., Osaka. 


Monoclonal antibody against prothorac- 
icotropic hormone (4K-PTTH) was produced 
by uSing a synthesized N-terminal deca- 
peptide of 4K-PTTH A-chain as an antigen 
for immunization. The antibody affinity 
-purified from ascites was characterized 
by dot immunoassay and competitive ELISA 
methods. The results showed that the 
antibody bound specifically to denatured 
(with 2-mercaptoethanol or dithiothreitol) 
4K-PTTH,, but not to a natavie4kK—P iii elie 
crossreactivity with bovine insulin, a 
peptide hormone with primary stracture 
similar to 4K-PTTH, was not observed. 

The Western blotting of Bombyx brain homo- 
genates disclosed at least five bands, due 
probably to the heterogeneity of 4K-PTTH. 
The immunohistochemical study using this 
anti-4K-PTTH (1_ 9)antibody suggested that 
4K-PTTH was produced in four pairs of 
neurosecretory cells of pars intercerebra- 
lis of Bombyx mori and secreted from the 
corpora allata. 
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MOLECULAR-SIZE HETEROGENEITY OF THE 
PROTHORACICOTROPIC HORMONE (PTTH) OF THE 
SATURNIID MOTH SAMIA CYNTHIA RICINI. 

C. Suzuki, H. Maeda and H. Ishizaki. Biol. 
Inst., Fac. of Sci., Nagoya Univ., Nagoya. 


Previous studies from our lavoratory 
disclosed the existence of two classes of 
PTTHS in Bombyx mori brains, one that 
elicited development in Bombyx brain- 
removed pupae after injection(~22kD) and 
the other active on Samia brainless pupae 
(~4kD). As preliminaries to checking a 
possible identity of the 4K-PTTH from 
Bombyx brains with a PTTH(s) from Samia 
brains, the molecular size of PTTH 
extracted from Samia brains was estimated 
by Sephadex G-50 gel filtration. 

Samia brain extracts contained only 
PTTH active on Samia pupae, PTTH active 
on Bombyx pupee being undetectable. Two 
discrete peaks of activity were obtained 
after gel filtration; a large PTTH was 
eluted near the void as in 22K-Bombyx PTTH 
while a small PTTH was eluted forming a 
peak at almost the same position as 4K- 
PTTH from Bombyx brains. 

The value of big PTTH titer/small PTTH 
titer was remarkably higher in larval 
brains compared to pupal brains. 
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INSECT PROTHORACICOTROPIC HORMONE (PTTH) : 
PRESENT STATUS AND A SCOPE TO FUTURE STUDY. 
H.Ishizaki. Biol.Inst., Fac.Sci., Nagoya 
Univ., Nagoya 


After a long cooperative research of 
Nagoya biologist group and Tokyo chemist 
group, 4K-PTTH-II, one molecular form of 
PTTHS from Bombyx mori, has recently been 
sequenced for its entire structure. The 
fact that this PTTH showed a close sequ- 
ence homology with vertebrate peptides of 
insulin family is giving a great impact on 
peptide evolution chemistry. 

Now having known amino acid sequence of 
4K-PTTH and a partial sequence of 22K-PTTH 
which comprises another class of Bombyx 
PTTH and has been purified to homogeneity, 
new lines of research have been initiated 
along the use of antibodies against synth- 
etic PTTH fragments and of gene manipula- 
tion techniques. These studies may promiss 
effective approaches to many intriguing 
problems so far exploited but remain yet 
to be solved. 

Progress so far made follows. Using a 
monoclonal antibody raised against a synth- 
etic decapeptide corresponding to N-termi- 
nus portion of 4K-PTTH, we were able to 
demonstrate immunchistochemically the PTTH- 
producing cells in the Bombyx brain. Using 
synthetic oligonucleotides coding 5 amino 
acids of 4K-PTTH as a probe, we are suc- 
cessfully cloning the PTTH genes. 
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ISOLATION OF ANDROGENIC GLAND HORMONE BY 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY II. 
Y. Hasegawal, K. Haino-Fukushima®@ and Y. 
Katakura!. Ipept. of Biol., Keio Univ., 
Yokohama, “Dept. of Biol., Fac. of Sci., 
Tokyo Metropolitan Univ., Tokyo. 


The androgenic gland hormone (AGH) of 
Armadillidium vulgare induces masculiniza- 
tion of females. We previously reported 
that partially purified AGH from the AG and 
testes of A. vulgare was applied to HPLC 
(Hitachi Gel 3013) and only one peak pos- 
sessed AGH activity. Molecular weight esti- 
mated by SDS-PAGE was 17,000. 

In the present study, AGH was extracted 
from the whole reproductive organs of males 
because of the difficulty in collecting a 
large number of AG and testes. Partially 
purified AGH by ammonium sulfate precipita- 
tion, gel-filtration on Sephadex G-75 and 
chromatography on DEAE-Toyopearl was 
applied on the TSK-Gel DEAE-5PW column of 
HPLC. Most of the AGH activity was concen- 
trated on a Single peak. This fraction was 
subjected to HPLC on the column of Hitachi 
Gel 3013. AGH activity was recovered in the 
same area as we previously reported. The 
specific activity was raised 600-fold over 
the crude extract and one young female was 
masculinized at a dose of 27ng protein. 
SDS-PAGE and isoelectric focusing revealed 
three or five proteins. Further examination 
on the relationship between the AGH and 
these proteins is in progress. 
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NEUROENDOCRINE SYSTEM ON THE COLOR CHANGE 
IN THE ISOPOD CRUSTACEAN, LIGIA 

H. Fuse and Y. Yamamoto. Dept. of Biol., 
Fac. of Sci., Chiba Univ., Chiba 


Sinus gland(SG) and postcommissural 
organ(PCO) are a part of neuroendocrine 
system. They are strage and releasing 
sites of neurosecretory hormones and 
called neurohemal organs. Structure of 
these organs are obscure in the Ligia 
exotica. Central nerve system was invest- 
igated with vital staining and histochem- 
istry. Neurosecretory cells were distrib- 
uted in brain and other ganglia. Structu- 
res supposed to be SG and PCO were 
obserbed. Tritocerebral commissure and 
postcommissural nerve were seen behind 
esophagus and by tracing these nerves, 
PCO was supposed to branch around the 
esophagus. Chromatophorotropin in this 
area was bioassayed, which is one of 
neurosecretory hormones and regulates 
color change. It was shown that melanoph- 
ore dispersing hormone(MDH) activity and 
minimal melanophore contracting hormone 
(MCH) activity resided in this area. 

SG was obserbed to be joined to poster- 
ior surface of each optic lobe and had a 
fringe-like appearance. Peripheral diver- 
ticula was stained colloidally with 
aldehyde-thionin, which is a stain 
similar to aldehyde-fuchsin. Bioassay of 
crude extract of this region showed that 
MDH activity resided in this structure. 
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FURTHER STUDIES ON THE MULTIPLE EFFECTS OF 
CARBON DIOXIDE ANESTHESIA IN THE GERMAN 
COCKROACH, BLATTELLA GERMANICA. 

INS Uteinglke, WOE OES Ow IhOlS5 FAC. Ot SCLay 
Nara Women's Univ., Nara. 


Effects of repeated carbon dioxide 
anesthesia during particular instars on 
the number of molts, larval duration and 
the body size of resulting adults were 
investigated. Concentration of carbon 
dioxide administered was 70%, and each 
anesthesia lasted for 5 min. Anesthesia 
was repeated four times during a partic-— 
ular insitar. Anesthesia administered 


during the She 5 end, Or  Sivcl instar 
increased the number of instars required 
Om, Seach macuisistiyr When larvae were 


anesthetized during both the 1st and end 
instar, the number of instars was greatly 
increased. However, anesthesia during the 
4th instar scarcely influenced the number 


of instars. On the other hand, repeated 
anesthesia prolonged larval duration 
whenever administered from the 1st instar 
through the 4th. Wine lp@ochy Silwe Oi 


resulting adults remained almost the same 
as that for controls after the repeated 
carbon dioxide anesthesia during larval 
iabiey. Detailed analyses of adult sizes, 
however, revealed that tibia length was 
more affected with the gas than femur 
length. The ratio of tibia length to 
femur length was also influenced by the 
experience of extra molt(s). 


ENS 


ULTRASTRUCTURAL EFFECTS ON INTEGUMENT OF 
BOMBYX LARVAE AFTER ANTI-JUVENOID TREAT- 
MENTS. 

Info Uelak GlinGl Wis Kalwelnat, Geicsshewlles  wgoe 
Stat., Yatabe. 


We reported that the trimolter larvae 
are induced from a tetramolter strain of 
Bombyx mori by the oral administration of 
an anti-juvenoids. The surface of inteau- 
ments of these trimolter larvae are extre- 
mely extended as compared with the 4th and 
final instar larvae of controls. To eluc- 
idate the relationship between the changes 
of moltinism and ultrastructural characte- 
ristics of the integument, we observed the 
integuments of transformed trimolter lar- 
vae with the lapse of time, by TEM, SEM 
and light microscope. 

The cuticular lamellae of endocuticule 
increased extremely in both thickness and 
number in mature larvae treated with an 
anti-juvenoid. The epicuticular surface 
are also extremely extended by SEM. 

We concluded that the transformed tri- 
molter larvae produce an excessive cuti- 
cular materials, especially, endocuticle 
as compared with normal development. 
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PUPATION OF ISOLATED ABDOMEN INDUCED BY 20- 
HYDROXYECDYSONE (20-OH-E) IN PENULUTIMATE 
INSTAR LARVAE OF BOMBYX MORI 

H.Nagata , S§S.Sakurai . Dept.of Biol., 
Fac.of Sci., Univ.of Kanazawa, kanazawa. 


A mid-4th instar larva of Bombyx mori 
pupates precociously when ligated between 


head and thorax, but exhibits no develop-— 
mental changes when ligated between pro- 
and meso-thorax. When isolated abdomens 


received a topical application of juvenile 
hormone (JH), single injection of 2.5pg of 
20-OH-E more than 24 hrs after ligation 
induced larval ecdysis. In abdomens not 
received JH, single injection of 2.5ng of 
20-OH-E induced neither larval ecdysis nor 
gut purge. To induce gut purge in those 
abdomens, graded doses of 20-OH-E were 
injected. About half of those abdomens 
injected with 0.3pg exposed their dorsal 
vessels but only a few of these purged 
their gut contents. But gut purge was 
observed ina high percentage of abdomens 
that received six sequencial 0.02pg injec- 
tions. These results suggest that continual 
action of low levels of 20-OH-E without JH 
may be prerequisite for the initiation of 
pupal development, including the aquisition 
of competence for gut purge and change in 
commitment. 
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NEUROSECRETION AND SPERMATOGENESIS IN THE 
LEECH, ERPOBDELLA LINEATA. 

Kk. (OKA! and NTAKEDAZ Billo.) Labepmnonio 
univ. Sch. Med., Tokyo,*Dept. of Biol., 
fac. of Sci., Toho univ., Funabashi- 
Ape te ee 

The central nervous system in this 
species consists of 21 pairs of cell 
compartments. AF positive &d-cells were 
observed in the buccal ganglion, cell 
comparatment 8 or 9, and the subesophageal 
ganlion, cell compartment 11. The staining 
reaction of each d-cell was examined 
monthly during a year. Among the ganglion, 
only in the subesophageal ganglion, the 
stainability of d-cells to AF showed 
seasonal changes. During winter the 
cytoplasm of d-cell in cell compartment 
11 stained markedly with AF. However , the 
stainability decreased gradually toward 
spring and they stained scarcely from 
spring, to! autumn. in June, especsaliiy ume 
stainability showed the minimum. On the 
other hand, d-cells in the buccal ganglion 
did not show any seasonal changes. The 
cytoplasm of these cells stained markedly 
with AF throughout a year. Germ cells in 
the testes developed actively from spring 
to early autumn but they scarcely advanced 
in winter. 

It is suggested that neurosecretory 
materials accumulated in the cytoplasm of 
f{-cells in cell compartment 11 during 
winter are released from the cell and act 
on the testes to promote spermatogenesis 
from spring to early autumn. 
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SEARCH FOR THE FUNCTION OF AVP- AND OXT- 
IMMUNOREACTIVE CELLS IN THE GANGLIA OF THE 
EARTHWORM. 

K. Kinoshita and S, Kawashima 

woge, t05t., Fac. of Sci,, Hiroshima Univ., 
Hiroshima. 


Arginine vasopressin (AVP) - and oxytocin 
(OXT) -immunoreactive cells are present in the 
ganglia of the earthworm, Pheretima hilgen- 
dorfi. The aim of the present study is to 
know the physiological role played by these 
neurons, Adult earthworm were subjected to 
various environmental stimuli, suchas, ex- 
posure to sunlight or hot and cold air tem- 
perature, immersion in hypertonic and hypo- 
tonic solution, and cutting the body into 
two separate parts. The areas occupied by 
AVP- and OXT-immunoreactive cells and alde- 
hyde fuchsin (AF)-positive cells in the 
cerebral ganglion were measured with the aid 
of a tablet digitizer. None of the three 
types of areas showed any change by photic, 
temperature and body cutting stimuli, However, 
if the animals were immersed in deionized 
water (DW), 0.40r1.0%NaCl solution, anti- 
OXT immunoreactive and AF-positive areas 
showed a triphasic change. In 0.4 or 1.0% 
NaCl anti-OXT immunoreactive area markedly 
decreased during the first 30min, increased 
during the next 30 min and then levelled 
down to the initial value. In contrast, in 
DW the area was increased after the first 
30minof immersion. AF-positive area showed 
a similar, but delayed and less pronounced 
changes during immersion to hypertonic and 
hypotonic solutions. 
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RE-EXAMINATION OF NEUROSECRETORY CELLS OF 

THE MEGASCOLECID EARTHWORMS BY ELECTRONMI- 
CROSCOPY AND IMMUNOHISTOCHEMICAL METHODS. 

N. Takeuchi, Biol. Dept., Miyagi Coll. of 

Educ., Sendai. 


Paraldehyde fuchsinophilic secretory 
neurons, A cells, located in dorsal to 
posterior peripheries of the cerebral gan- 
glion of earthworms, Amynthas communissima 
(=Pheretima communissima), A. hilgendorfi 
(=P. hilgendorfi) and A. vittata (=P. vit- 
tata) have been examined. 


Three types of perikarya characterized 
with different types of secretory granules 
were discriminated among A cells. Sizes of 
granules are distributed in three ranges. 
These are larger than 200 nm, around 150 nm 
and 100 nm or smaller, respectively. Corre- 
sponding types of axons were also observed 
in the neurohemal area on dorsal border of 
the neuropil. Secretion-bearing axons near 
blood capillaries contain many small vesi- 
cles of 40 nm in av. 


Immunohistochemical staining of PAP or 
ABCmethods were performed on specimens 
fixed with Zamboni and sectioned on the 
cryostat microtome. Some perikarya among A 
cells clearly showed leu-enkephalin-like 
immunoreactivity and some others gastrinf- 
ck-like reactivity. Positive cells against 
met-enkephalin were rare and remained un- 
certain. Leu-enkephalin-like and gastrinf- 
ck-like axons are numerous and widely dis- 
tributed in the neuropil. 
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B-ENDORPHIN-DEGRADING ENZYMES IN CRAYFISH 
MID-GUT GLAND. 

S.Watabe, M.Hara and N.Yago. Radioisotope 
Res.Inst., St.Marianna Univ.Sch. of Med., 
Kawasaki. 

~~ Mid=-gut gland of crayfish, Procambarus 
clarkii, contains high activity of human _ 
B-enderphin - degrading activity. Fractiona- 
tion of the extract through a Sephadex G- 
150 column resolved at least three compo- 
nents of molecular weight 11,000, 24,000 
and 85,000 Da. The major component, 24,000 
Da enzyme(s), was purified by DEAE-Sephadex 
A-50, hydroxylappatite, 2nd DEAE-Sephadex 
A-50 and Sephadex G-150 columns. The 2nd 
DEAE-Sephadex column resolved the activity 
into two peaks(peak I and peak II). Sepa- 
rate examination of molecular weight by gel 
filtration indicated that the peak II 
(21,000 Da) was slightly smaller than peak 
I (24,000 Da). Both proteases degraded hu- 
man ™I-s-endorphin and “C-casein effi- 
ciently and were active between pH 5-9. SH- 
modifiers had no effects on the activity, 
while diisopropylfluorophosphate, phenyl- 
methylsulfonylfluoride and soybean and 
limabean trypsin inhibitors inhibited both 
proteases, indicating both were serine pro- 
teases. Ethylenediaminetetraacetic acid and 
tosyl-lysine chloromethylketone inhibited 
peak II but not peak I protease. Since 
crayfish mid-gut gland contains §-endorphin 
-like substances, it is possible that these 
proteases are involved in the processing 
and metabolism of these peptide hormones. 
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PRESENCE OF IMMUNOREACTIVE 8-ENDORPHIN IN 
THE MID-GUT GLAND OF CRAYFISH 

M.Hara, H.Kouyama, S.Watabe and N.Yago. 
Radioisotope Res.Inst., St.Marianna Univ. 
Sch. of Med., Kawasaki. 

Using an anti-human 8-endorphin rabit 
antiserum and anti-rabit y-globulin goat 
antiserum, we first observed that some 
cells in the crayfish mid-gut gland strong- 
ly reacted with the anti-human 8-endorphin 
rabit antiserum. To further investigate 
the immunoreactive 8-endorphin, we con- 
structed a radioimmunoassay system with the 
antiserum. Through cell fractionation 
studies, the immunoreactive §8-endorphin 
of the mid-gut gland was found to be exclu- 
Sively localized in the soluble fraction. 
In these cell fractionation studies, it was 
necessary to include several of the power- 
ful inhibitors of serine protease in all 
subcellular fractions, because the mid-gut 
gland contains a great amount of a protei- 
nase that rapidly degrades human $-endor- 
phin under various in vitro experimental 
conditions. The Sephadex G-50 column chro- 
matography of an acetic acid extract of the 
mid-gut gland revealed three peaks of 
immunoreactive 8-endorphin. Those peaks 
corresponded to the molecular weights of 
human lipotrophin, §8-endorphin and enke- 
phalin, respectively. The mid-gut gland 
secretion was also found to contain the 
three immunoreactive @-endorphin peaks. 
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MATURATION OF THE REPRODUCTIVE SYSTEM IN 
THE GIANT AFRICAN SNAIL, ACHATINA FULICA. 
N. Takeda and M. Takda. Dept. of Biol., 
Bac. of SC.) Loho Una, ssunabasinus. 


This snail is a simultaneously hermaph- 
rodite species which may live for 5 years 
and grow up to adult for about 1 1/2 years. 
Copulation was found in April and May, and 
Oviposition was usually observed in May and 


June. A positive correlation was shown 
between the shell diameter and the number 
of eggs contained in snails. The weight of 


the reproductive system, especially the 
albumen gland increased gradually toward 
winter and was maintained until oviposi- 
tion. 

Histological changes of the reproductive 
system were examined in snails collected 
bimonthly at Ogasawara Islands. After 
Oviposition, via the atrophy stage each 
germ cell gradually developed and matured 
during winter. Ovulation and spermiation 
were found in May and June. The maturation 
of the albumen gland correlated positively 
with the weight. 

Different from other terrestrial pulmo- 
nates, this snail was found to have the 
well developed dorsal bodies. When the 
immature albumen gland was cultured in a 
medium containing the dorsal body extract, 
maturation was induced. The dorsal body 
hormone is demonstrated to control the 
maturation of the accessory sex organs, 
such as the albumen gland. 
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THE FINE STRUCTURE OF THE DORSAL BODIES IN 
THE SNAIL, ACHATINA FULICA. 
S. Ohtake’ and N. Takeda?, ‘Dept. of Biol., 
Nihon Univ., Sch. of Med., Tokyo and Dept. of 
Biol., Fac. of Sci., Toho Univ., Funabashi. 
Ss ee ee os 
The dorsal bodies (DB) are known to sit- 
uate on the dorsal part of the cerebral gan- 
glion and to secrete a hormone which stim- 
ulate the maturation of the accessory sex 


Organs. In this species, the development 
of the DB is prominent among terrestrial 
pulmonates. The present study was under- 


taken to clarify the fine structure of the 
DB to know their regulatory mechanisms. 

The DB are embedded in the connective 
tissue on the cerebral ganglion as a lrreg- 
ular mass. The cytoplasm of the gland 
cells is filled with large granules about 
1500 nm in diameter delimited by a thick 
cortex andsmall granules synthesized by the 
golgi apparatus. Small granules are re- 
leased by exocytosis from the cell. Great 
number of mitochondria with prominent cris- 
tae and lysosomes are also seen. Further- 
more, the gland cells have a single cilium 
associated with a basal body and a proximal 
centriole, and possessed 9+2 fibril pat- 
tern. In addition to these,neurosecretory 
axons were observed to penetrate into the 
connective tissue of the cerebral ganglion 
and to contact with the gland cells. 

These observations suggest that the DB 
are controlled by a neurohormone presum- 
ably originating from the cerebral 
ganglion. 
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DAY-NIGHT VARIATION OF PINEAL N- 
ACETYLTRANSFERASE ACTIVITY IN THE TELEOST 
ZACCO TEMMINCKI. 

ielakabatake and Tiilga.. Deptt. of soasoreer 
Fac. of Sci., Univ. of Shimane, Shimane. 


Melatonin is effective in inducing 
melanosome aggregation in melanophores of 
the teleost Zacco temmincki. However, 
the sensitivity of the melanophores to 
melatonin varied greatly with the season, 
i.e., the sensitivity was high in winter 
and low in summer. The structure in the 
pineal organ of this fish species was 
different in the winter and the summer. 
These findings suggest that the change of 
melatonin secretion in pineal ongan 
effects “directly (or amnidmmgectih amet 
sensitivity of the melanophores to 
melatonin. In the present study, pineal 
N-acetyltransferase(NAT) activity and 
serum melatonin ‘conten Galo te Accel 
temmincki were measured by radioenzyme 
assay and bioassay. NAT and melatonin 
levels of the fish showed a clear day- 
night vaGgilation, thait as) spameaaaniaws 
activity and serum melatonin content were 
higher in the nighttime than in daytime. 
NAT activity at 12:00 in constant dark 
(DD) was higher than that at 12:00 in LD 
12:12 (light on 06:00), but lower than 
that at 24:00 in LD 123126 NAW Valetta, 
at 24:00 in constant light (LL) was lower 
than in LD 12:12, but higher than that at 
ZS OOM sioy thd) 43125 
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EFFECTS OF ARGININE VASOTOCIN ON ARTERIAL 
BLOOD PRESSURE AND URINE FLOW IN THE FRESH- 
WATER EEL AND LAMPREY. 
M. Uchiyamal and T. Hirano2. lDept. of Oral 
Physiol., Nippon Dental Univ., Niigata and 
20cean Res. Inst., Univ. of Tokyo, Tomyer 
Although arginine vasotocin (AVT) is 
known to be the sole neurohypophysial 
hormone in cyclostomes, the physiological 
role of this hormone remains obscure. 
In the present study, the effects of AVT 
on blood pressure and renal function in 
the freshwater eel (Anguilla japonica) and 
lamprey (Lampetra japonica) were examined. 
In both species, dorsal aortic pressure and 
urine flow (bladder urine in eels and 
ureteral urine in lampreys) were recorded 
Simultaneously. Doses greater than 10 
ng/kg induced a vasopressor diuresis, while 
the lower doses had no obvious actions in 
the eel. The blood pressure of lampreys 
(24-37 mmHg) were much higher than those 
of eels (15-26 mmHg). Urine flow was copi- 
ous and urine Na concentration was lower 
than that of eels. AVT elicited pressor 
and diuretic responses at doses of 10 pg 
and 100 pg/kg, respectively. These results 
Suggest that the pressor effect of AVT is 
already present in cyclostomes, and the 
diuretic effect is a primary ‘glomerular 
diuresis', i.e. increased rates of glomeru- 
lar filtration and urine production. 
Although the evolutionary relationship 
between the groups is distant, the effects 
of AVT appear remarkably similar in eels 
and lampreys. 
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EFFECTS OF ENVIRONMENTAL Ca ON PLASMA AND 
PITUITARY GROWTH HORMONE LEVELS IN RAINBOW 
TROUT. 

J.P. Bolton! T. Ogasawara! T. Hirano! and 
H. Kawauchi? ‘Ocean Res. Inst., Univ. of 
Tokyo, Tokyo, *School of Fish. Sci., 
Kitasato Univ., Iwate. 


An RIA developed using purified chum 
salmon growth hormone (GH) proved to be 
suitable for the measurement of plasma and 
pituitary GH levels in a number of salmon- 
ids, including rainbow trout. The RIA was 
highly specific and did not cross-react 
with hypophysectomized trout plasma. Plasma 
GH levels in rainbow trout adapted to sea 
water (SW) were 27.9+5.0 ng/ml. Upon trans- 
fer to freshwater (FW), GH increased 
slightly but returned to baseline levels by 
day #7. A Ca-rich environment (10mM) caused 
a decrease in GH levels to 16.8+4.9 ng/ml 
on day 7. Whereas fish transferred from SW 
to SW showed no change in GH levels, those 
transferred to Ca-deficient SW had increas- 
ed plasma levels. At 6hrs post-transfer, 
mean values were 111.9+19.7 ng/ml and 51.8 
+17.5 ng/ml at 4 days. Pituitary GH con- 
tent of the SW adapted fish was 46.0+3.9 
po/gland. In all groups there was no change 
in the pituitary GH content either 4 or 7 
days following transfer, but there were 
short term (24hr) changes. Decreases were 
observed in the FW and Ca-deficient SW fish 
and increases, in those fish in the Ca-rich 
environment. It appears that Ca has inhib- 
itory effects on circulating GH levels. 
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THE EFFECTS OF SALMON GROWTH HORMONE ON 
SEAWATER ADAPTATION OF RAINBOW TROUT. 
Mineewhine-., J.P. Bolton, I., Hirano”, and 
H. Kawauchi“. Oca Kes, Inst, Univ... of 
Tokyo, Tokyo and 2School of Fish. SCliewty 
Kitasato Univ., Iwate 

The role of chum salmon growth hormone 
(sGH) in seawater (SW) adaptation was 
examined in the context of four important 
considerations: bP) ISH tet rect Ss, tinea 
salmonid species; 2) identification of sGH 
effects on SW adaptation independent of the 
growth-promoting activity of the hormone; 
3) specificity of the response to sGH 
compared with mammalian (ovine) GH and 
salmon prolactin; and, 4) sensitivity of 
the response to different doses. These 
aspects were studied by injecting the 
different hormone preparations over a short 
time frame (1 wk) into freshwater juvenile 
rainbow trout having a narrow range in body 
Mezehte .(15-25 eg). Plasma ions were 
measured in samples taken 24 hr after 
transfer of the fish into 80% SW. In the 
absence of either group differences in mean 
body weight or an effect on growth, both 
sGH and oGH significantly reduced plasma 
Na, Ca, and Mg levels compared with those 
of saline-injected controls. In contrast, 
sPrl tended to elevate Na and Ca levels. 
The maximally effective dose of sGH (pg/g 
bwt.) in reducing Na and Mg was 0.25 and 
that for Ca, 1.25. These results suggest 
that sGH improves SW adaptability in trout 
by an action which is specific, dose- 
dependent, and independent of growth. 
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ENDOCRINE CONTROL OF HYDROMINERAL BALANCE 
OF CHUM SALMON FRY AND JUVENILES. 

S. Hasegawa!, T. Hirano!, T. Ogasawara!, 
JetPe Bolten te Akiyama’, S. Arai*. 
1QOcean Res. Inst., Univ. of Tokyo, Tokyo, 
*National Res. Inst. of Aquaculture, Mie. 


Among Pacific salmonids, chum and pink 
salmon are unique in migrating down to the 
sea at an early stage of their life history 
and their landlocked forms are not known in 
nature. Changes in the osmoregulatory 
ability of chum salmon was examined by 
transferring the fry or juveniles reared in 
fresh water (FW) for various periods to 
seawater (SW), or by transferring them back 
to FW. They adapted well to SW and 
readapted to FW at any stage. Fry weighing 
about 1.2 g (75 days after hatch) and 
juveniles weighing 100-150g (reared in FW 
for more than a year) adapted most 
efficiently. 

Changes in plasma levels of various 
hormones were also examined in juveniles. 
There was no significant change in plasma 
levels of thyroxine and cortisol during FW- 
SW or SW-FW transfer. Prolactin levels 
increased during FW transfer, maximam 
increase being seen after 3 days, whereas 
there was no change during FW-SW transfer. 
On the other hand, an increase in plasma GH 
was seen during the first 12 hrs of SW 
transfer, along with a decrease during 
FW transfer. These results indicate an 
important role for prolactin in FW 
adatation and GH for seawater adaptation. 
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OSMOREGULATORY ABILITY OF MATURE CHUM 
SALMON IN SEAWATER. 

T. Hirano, S. Hasegawa, T. OgaSawara, 

J. P. Bolton, N. L. Collie and M. Iwata. 
Ocean Res. Inst., Univ. of Tokyo, Tokyo. 


Returning chum salmon in northern 
Honshu Island complete gonadal maturation 
while in the bay or before entering the 
river. Mature fish caught in Otsuch bay 
failed to survive in seawater (SW) for more 
than a week, although they adapted to fresh 
water (FW) efficiently. Mortality in SW 
seems to be primarily due to an increased 
plasma osmolality, while maladaptation to 
SW was more pronounced in the fish caught 
deep in the bay than those caught in the 
ocean, and also greater in females than in 
males. In close correlation with the 
increased plasma osmolality, plasma levels 
of cortisol and growth hormone (GH) 
increased in the fish kept in SW, whereas 
there was no significant change in plasma 
prolactin and tyroxine levels. On the 
other hand, when they were kept in FW, an 
increase in plasma prolactin was. seen 
particularly in females, whereas no signi- 
ficant change was seen in plasma cortisol, 
GH and thyroxine. Since cortisol and GH 
seem to improve their seawater adaptabili- 
ty, these hormones are unlikely to be a 
direct cause of their maladaptation to SW, 
but seem to be secreted in response to the 
increased plasma osmolality. It is also 
probable that sex steroids have inhibitory 
effects on osmoregulation in salmon in SW. 
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SOME FACTORS AFFECTING PLASMA PROLACTIN 


LEVELS IN ENIAC TROU 

T.Ogasawara-, T.Hirano’, K. ida, 
A.Takahashi”’ and H.Kawauchi~. locean Res. 
inst, UNV. OF TOkyO,ZDepten © beeline, 
Fac. Of AGE., Unive OF LoOkyo),, oLolsyo), 
and3School of Fish. Sci., Kitasato Univ., 
Iwate. 


Prolactin (PRL) is well known as a 
hormone important for freshwater (FW)- 
adaptation of some teleosts. Changes in 
plasma PRL levels were examined in rainbow 
trout under various conditions using a 
homologous radioimmunoassay. When the 
fish were stunned by a blow on the head or 
stressed by being chased in shallow water, 
plasma levels of PRL and K were higher 
than those of anesthetized fish. Thus, 
blood was collected from fish under 
anesthesia in the following study. 
Diurnal variation was not seen in plasma 
PRL levels. Seasonal changes in PRL 
levels of mature fish suggest that PRL is 
related to maturation in females but not 
in males. PRL might be involved in the 
formation of coelomic fluid at the time of 
ovulation. Plasma PRL was low in fish 
adapted to seawater (SW) or Ca-deficient 
SW. When transferred from SW to FW or to 
FW+10mM Ca, an increase was seen after one 
day, and higher levels were maintained for 
one week. In the trout, PRL secretion 
seems to be stimulated by a reduction in 
external osmolality but not affected by 
changes in external Ca concentration. 
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ISOLATION OF TWO FORMS OF GROWTH HORMONES 
SECRETED FROM EEL PITUITARIES IN VITRO. 
M.Kishida!, J.Kubota!, T.Hirano!, Ks 
Yamaguchi’, and K.Shirahata*. ‘Ocean Res. 
Inst., Univ. of Tokyo, Tokyo and *Tokyo 
Res. Lab., Kyowa Hakko Kogyo Co., LTD, 
Tokyo. 


In mammals, prolactin (PRL) secretion 
from the pituitary is known to be under 
inhibitory hypothalamic control. In 
contrast, when eel pituitaries were organ- 
cultured in a defined medium (MEM with 
Earle's salts), two forms of growth hormone 
(eGHI and II) were continually secreted, 
whereas relatively small amount of PRL was 
detected in the medium. Medium (750ml), in 
which 260 pituitaries were cultured for 6- 
10 weeks, was concentrated by Diaflo 
membrane (YM-5), and submitted to gel 
filtration on a Sephadex G-75 column and 
followed by a chromatofocusing column, 
yielded 2.0mg of eGHI and 1.3mg of eGHII. 
The molecular weight of both GHs was 
estimated to be 23,000 by SDS-PAGE, and the 
isoelectric point to be 6.3 for eGHI and 
6.7 for eGHII by gel isoelectric focusing. 
Both GHs had growth promoting activity when 
tested in juvenile rainbow trout. The 
putative GH-producing cells in the proximal 
pars distalis of the eel pituitary were 
specifically stained with the antisera 
raised against eGHI or II. The partial 
analysis of N-terminal amino acid sequence 
revealed that positions 1 to 36 of eGHII 
was exactly the same as 4 to 39 of eGHI. 
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CONTROL MECHANISMS OF PROLACTIN AND GROWTH 
HORMONE SECRETION FROM THE EEL AND SALMON 
PITUITARIES IN VITRO. 
R.Suzuki, M.Kishida and T.Hirano. Ocean 
Nass Insieong Winskyo Ose WoOkivO, WOKyOs 
ee 
In contrast to most mammmals and some 
teleosts, organ-cultured eel pituitaries 
secrete little prolactin (PRL), whereas 
growth hormone (GH) secretion increases 
gradually during the first week, and a high 
level was maintained thereafter. PRL and 
GH secretion were stimulated in hypotonic 
medium but only during the first day of the 
culture. Serotonin (2.5 pg/ml) also stimu- 
lated release of both PRL and GH on the 
first day. Dopamine (1.2 pg/ml) and 
somatostatin (300 ng/ml) strongly inhibited 
GH release for 7 days, while PRL release 
was inhibited only slightly. TRH (100 
ng/ml) and VIP (600 ng/ml) had no effect on 
either PRL or GH secretion. Hypothalamic 
extract had inconsistent effects on both 
PRL and GH release, suggesting that 
stimulatory as well as inhibitory factors 
are contained in the extract. When pitui- 
taries of mature chum salmon were cultured 
for 4 days, large amounts of PRL and GH 
were secreted only for the first 6 hours, 
the amount of secreted GH being 10 times 
more than PRL; pituitaries from females 
secreted more PRL than those from males. 
Hypotonicity of the culture medium did not 
affect PRL or GH release. There was no 
difference between females and males in 
GH release. 
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EFFECTS OF GLYCOPROTEIN FRACTIONS OF 
SALMOM PITUITARIES ON THYROXINE SECRETION 
IN JUVENILE RAINBOW TROUT 
M.Tagawa}, T.Hirano? and H.Kawauchi%. 
Igcean Res. Inst., Univ.of Tokyo, Tokyo and 
2cchool of Fish. Sci., Kitasato Univ.,Iwate 
he BS ee 
Although thyroid hormones are known 
to be involved in some aspects of fish 
migration, there are few reports on the 
action of thyroid stimulating hormone (TSH) 
in fishes. In this study, an in vivo 
bioassay of fish TSH was established using 
juvenile rainbow trout. The test samples 
were injected intraperitoneally into fish 
weighing 30-40g, and blood was taken 12 h 
after the injection. Plasma thyroxine 
concentration was measured by radioimmuno— 
assay. A linear log-dose relationship was 
observed between 0.1-1.0 mIU/g of bovine 
TSH (O,5=150) LU /me)i Whe vex Hele Ee Siiwierme 
parabolic, the higher doses being less 
effective than the lower doses. A crude 
ethanol extract of the chum salmon 
pituitary, and a glycoprotein fraction 
without any detectable gonadotropic 
activities revealed potent thyroxine- 
releasing activities. Two other glyco- 
proteins with strong gonadotropic activi- 
ties did not stimulate thyroxine release. 
The specific activities of the crude 
extract and also the putative TSH fraction 
WereLONOS! 1U)//mg, shlownigy 10/20 19/0) oa sien 
bovine TSH activity. Thus, it is necessary 
to improve the extraction and purification 
processes for salmon TSH. 
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EFFECTS OF ENVIRONMENTAL SALINITY ON THE 
DEVELOPMENT OF CHLORIDE CELLS OF FRESH WA- 
TER AND BRACKISH WATER MEDAKA, ORYZIAS 
LATIPES 

T. Miyamoto and S. Kawashima 

Meee. inst.,/Fac. of Sci., Hiroshima Univ., 
Hiroshima. 


Chloride cells play an important role 
in sea water (SW) adaptation in teleosts. 
In the present study, fresh water (FW, 
0 mOsm/kg) and brackish water (BW, 272 mOsm 
/kg) medaka, caught in Gokurakuji and Raku- 
rakuen, Hiroshima, respectively, were used. 
FW medaka were kept in fresh water, and BW 
medaka, in diluted SW (about 272 mOsm/kg) 
for a month in laboratory tanks. After the 
adaptation, the eggs of FW and BW medaka 
within 24 hr after spawning were separately 
transferred to Petri dishes containing 
abovt 7 ml of FW, 3/10SW, 6/10SW, or normal 
SW. Hatchability and survival rate of fry 
in these Petri dishes were daily recorded. 
It was found that in both FW and BW medaka 
hatchability and survival rate were the 
highest in 3/10SW, and there was no dif- 
ference between FW and SW medaka. On the 
other hand, the increase in the number of 
chloride cells in the Altman preparations 
of the right gills was greater in the fry 
kept in 6/10SW or normal SW than those kept 
in 3/10SW or FW during 2 to 20 days after 
hatching. The number of chloride cells was 
positively correlated with environmental 
salinity and the age of fry (0 to 20 days 
after hatching), regardless of home water 
salinity. 
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CO-LOCALIZATION OF UROTENSIN I AND II IN 
THE CAUDAL NEUROSECRETORY CELLS OF THE CARP 
AND THE DOGFISH. l 

K. Owada, C. Yamada’ and H. Kobayashi 

Biol. Lab., Tokyo Inst. of Technol., Tokyo, 
Dept. of Biol., Fac. of Sci., Toho Univ., 
Funabashi. 


The localization of neurons producing 
urotensin I(UI) and II(UII) was immuno- 
histochemically studied in the caudal 
neurosecretory system of the carp, Cyprinus 
carpio and the dogfish, Triakis scyllia. To 
localize UI and UII neurons, antiserum to 
h-CRF (1-20), which crossreacted with carp 
UI, and antiserum to goby UII, were used, 
respectively. In the carp, UI/CRF-immuno- 
reactive neurons were grouped into three 


types according to their size: large, 
medium and small. Each cell group included 
some non-reactive cells. U1/CRF-immuno- 


reactive axons extended to the urophysis. 
Similar results were obtained with UII 
antiserum. In the dogfish, UI/CRF-immuno- 
reactive perikarya were found on both sides 
of the central canal. Their long UI/Ci#F- 
immunoreactive axons ran first ventro- 
caudally and then caudally to terminate in 
the neurohemal areas. Some neurosecretory 
perikarya did not show UI/CRF-immunoreac~- 
tivity. 

In the carp and the dogfish, co-local- 
ization of UI/CRF and UII in the same 
neurons was observed. Some neurosecretory 
cells, however, immunoreacted only to UI or 
UII antiserum. 
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CO-LOCALI ZATION OF ANGIOTENSIN 1b AND 
ARGININE VASOTOCIN IN THE SAME NEURONS OF 
THE PREOPTIC NUCLEUS OF THE GOLDFISH, 
CARASSIUS AURATUS. l 

C. Yamada, T. Kaneko and H. Kobayashi. 
DEPt. OL) BlOLe, Pace Or Sci, Toho: Univ. , 
Funabashi and “Dept. of Fisheries, Univ. of 
Tokyo, Tokyo. 


Immunohistochemical localizations OG 
neurons containing angiotensin II (AII) and 
arginine vasotocin (AVT) were studied in 
the brain of the goldfish. AlII-immunore- 
activity was observed in the neurosecretory 
neurons of the preoptic neucleus (PON) and 
in their fibers extending to the neuro- 
hypophysis. This suggests the existence of 
the hypothalamo-hypophysial system of AII 
in the goldfish. To localize AVT, arginine 
vasopressin (AVP) antiserum, which cross- 


reacted with AVT, was used. Most neurose- 
cretory cells and their fibers were immuno- 
reactive. By immunostaining adjacent 


sections with AII or AVP antiserum, four 
types of neurons were identified in the 
PON: neurons with both AII- and AVT-immuno- 
reactivities, neurons with only AII-immuno- 
reactivity, neurons with only AVT-immunore- 
activity and neurons with neither AII- nor 
AVT-immunoreactivity. The majority of the 
neurons of the PON were the third and forth 
types. The second type was infrequent. It 
is possible, however, that neurons with 
only AII- or AVT-immunoreactivity might not 
have contained immunohistochemically suffi- 
cient amounts of AII or AVT. 
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A STEROIDOGENIC SHIFT IN THE OVARIAN 
FOLLICLE DURING OOCYTE MATURATION. 
Y. Nagahama and S. Adachi. Lab. of 
Reprod. Biol., Natl. Inst. for Basic 
Biol., Okazaki. 


In female salmonids a shift from 
estradiol-17g8 (E) to 17a,208-dihydroxy-4- 
pregnen-3-one (17a, 208-diOHprog) in 
plasma occurs prior to or during oocyte 
maturation. The capacity of amago salmon 
ovarian follicles to secrete E- and 
17a,208-diOHprog in response to gonado- 
tropin (GTH) shows a strong correlation 
with plasma levels of these steroids. The 
thecal layer during vitellogenesis 
secretes testosterone (T) Aromatase 
activity in the granulosa cell is high 
during vitellogenesis, but rapidly de- 
clines prior to oocyte maturation. Since 
a continuous increase in the capacity of 
the thecal layer to secrete T occurs 
during the postvitellogenic period, the 
diminished ability of the follicle to 
produce E is due to the loss of aromatase 
activity in the granulosa cell. The 
capacity of the thecal layer to secrete 
17a-hydroxyprogesterone is acquired prior 
to oocyte maturation. High activity of 
2086-hydroxysteroid dehydrogenase (20¢- 
HSD) is found only in the granulosa cells 
from follicles which matured in vivo. 
GTH directly enhances’ granulosa cell 
208-HSD activity. Thus, a surge in 
plasma GTH occurring prior to oocyte 
maturation appears to be responsible for 
the enhancement of 206-HSD. 
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PURIFICATION OF GONADOTROPIN OF THE TUNA, 
THUNNUS ALBACARES 

He ANDO) ands. shies Depts) Of Bao, 
School of Education, Waseda Univ. Tokyo. 


Four different gonadotropin (GTH) -like 
acidic protein fractions were separated 
from acetone-dried powder of tuna pituitary 
glands by using the following methods 
Successively: ammonium sulfate precipita- 
tion, affinity chromatography on Con A- 
Sepharose, and high performance liquid 
chromatographies (gel filtration with 
Superose 12 and anion exchange chromato- 
graphy, with  Monoy ©) 2) GLH wactivalityemwas 
detected by a radioreceptor assay (RRA) 
with testicular receptors of the goby 
Glossogobius olivacéus and radioiodinated 
silver carp Hypophthalmichthys molitrix G@TH 
and the cAMP synthesis response of the 
testis of the goby and mackerel Scomber 
japonicus, We obtained four RRA-active 
peaks after the final chromatography with 
Mono Q. Specific goby RRA potencies of 
these fractions varied from 24 to 147 times 
of the potency of the starting material, 
and higher TN MORAG HGHC ME aAaCit=loOmse 
Similar potencies were obtained by the goby 
cAMP assay. In contrast, potencies 
optained by the mackerel cAMP assay were 
higher in less acidic fractions. Further- 
more, the least acidic fraction could bind 
specifically to tuna testis receptors, 
while the most acidic fraction could not, 
when they were radioiodinated. 
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BIOLOGICAL ACTIVITY OF ISOELECTRIC GONADO- 
TROPIN (GTH) COMPONENTS IN NEWT PITUITARY 
S.Tanaka!, M.Hattori2, K.Wakabayashi2 and 
K.Kurosumi!,!Dept. of Morph. and 2Hormone 
Assay Cent., Inst. of Endocrinol., Gunma 
Univ., Maebashi 

Biological activities of isoelectric 
components in newt GTH were studied using 
in vitro testosterone (T) or cAMP produc- 
tion by minced mature zone of newt testes. 
Seven Anolis RRA-positive components were 
found in the alkaline to acidic pH region. 
Among them, pIs of components F and G seem- 
ed to agree with those of FSH prepared from 
Ambystoma. The component F/G with pI 5.24 
and 4.98 was effective in stimulating T 
production like the other five components 
which have alkaline to neutral pIs. Maximal 
steroidogenic activity was 7-17 times 
greater than basal one without GTH, and a 
dose-response relationship was observed 
with GTH components. These facts indicated 
that the biological specificity of LH and 
FSH in newt pituitary GTH is not clearly 
separated. In contrast, regardless of 
temperature, almost all the components 
stimulated cAMP production at the highest 
doses tested (2-5 times over control). When 
testes were incubated at 20°C with bullfrog 
LH or FSH, a high degree of specificity for 
LH over FSH was found on stimulation of T 
production. In addition, biochemical and 
biological differences of GTH between bull- 
frog and newt were also confirmed by 
immunocytochemical study using anti- 
bullfrog LH and FSH serum. 
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IMMUNOCYTOCHEMICAL STUDY OF THE MSH CELLS 
AND ACTH CELLS IN THE XENOPUS PITUITARY IN 
DIFFERENT BACKGROUND ADAPTATION 
K.Imai!, C.Nakayama!, S.Tanaka2 and K. 
Kurosumi*. !Fac. of Gen. Studies and Dept. 
of Morph., Inst. of Endocrinol., Gunma 
Univ., Maebashi 

Pituitaries of Xenopus adapted in white 
(W) and black(B) backgrounds were immuno- 
stained by PAP method using antisera to 
a-MSH, porcine(p) ACTH and g-LPH. 
Pars intermedia (PI): In W-adapted toads, 
all the cells were stained clearly with 
anti-a-MSH. In B-adapted ones, most of the 
cells showed week reaction. These pictures 
suggested the possibility that a large 
number of filamentous vesicles which are 
Characteristic in W-adapted contain a-MSH. 
In the cells of the periphery of PI, 
however, tiny network-structure of the 
immunoreactive a-MSH was observed mainly 
near the nuclei. In W-adapted toads immuno- 
reactivity to the other antisera were 
Similar to that to anti-a-MSH, while in B- 
adapted ones, network-like reaction was 
observed in most of the cells. 
Pars distalis (PD): The cells of PD did not 
react with anti-a-MSH. Cells of rostral 
part in the PD showed intense reaction to 
the other antisera. Within PD, two kinds of 
immunoreactive pACTH cells were found, one 
is a small number of solitary, smaller 
cells, the other is larger cells) ini Gnoups 
whose reaction was weeker than the former. 
Similar profiles were also found in sec- 
tions ‘treated with anti-g-LPH. 
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EFFECTS OF CALCITONIN ON THE SERUM Pi 
LEVELS OF THE PHOSPHATE LOADED GOLDFISH. 
Y. Sasayama, F. Mizutani and C. Oguro. 
Deyeg Ose Waloils, Jeo Oi Sein, Lovama 
Univ., Toyama. 

~The present study was performed to 
know whether calcitonin functions to con- 
trol serum Pi levels in teleosts. Experi- 
ments were repeated 3 times. Passsolueuom 
(Pa 65 mg 100ml jan) Exp I vances leieaeanntal 
20) mg/100m1l in Exp. 111) was ingleetedtans 
traperitoneally (051 mib/ hig sbwi)ieueiay 
morning during 7 days. At the same time, 
fish were administered with salmon calci- 
tonin (Ct: SnU/lg bw) om they veh neltemaintte 
the body cavity. The animal was sacrifi- 
Ged ait the next morning atten thiemsintcasl 
treatments. Serum) Pa Newelis swememexpecred 
to be lower in the hormone-received group. 
However, there was no significant differ- 
ence in these values, although those in 
the (2 group tended) to be) lowers suns xesil 
and II. Serum Ca levels were significant- 
iby shagher sin! "the Gr ga;oup sin Expresate 
Ill. Thus, the explicable conclustongeoutd 
not be drawn. Therefore, CT may not affect 
the serum Pi levels under these condi- 
tions. On the way of the experiments, Ht 
was noted that in the fish injected with 
Pi solution (Pi: 200 mg/100m1; 0.1 m1/10g 
bw) serum Pi and Mg levels were about 50 
and 30 % lower, in order, in the blood 
taken from efferent branchial artery than 
those from cardiac blood, although Ca and 
Na values are nearly same. 
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CALCIUM KINETICS IN URODELAN AMPHIBIANS: 
COMPARISON WITH ANURAN AMPHIBIANS. 

C. Oguro, Y. Yoshida, S. Nakashima, 

K. Machi and Y. Sasayama. Dept. of Biol., 
Toyama Univ., Toyama. 


Calcium content in anuran body is highest 
in the endolymphatic sacs (lime sacs) and 
bones and then the skin of which Ca content 
is two order lower than the bones but yet 
two order higher than the other soft tis- 
sues. The lime sacs are poorly developed 
in urodelans; only the otic vesicles being 
present as a homologue. In urodelans, the 
bones are the most Ca-rich and skin Ca con- 
tent is very low as the other soft tissues. 

Anurans have one pair of the ultimobran- 
chial gland (UBG) which secretes calcitonin 
(CT), while urodelans have single UBG. Fur- 
thermore, CT potency of urodelan UBG is far 
low in comparison with that of anurans. 

UBG of Rana nigromaculata, R. catesbeiana 
and Bufo japonicus show 780, 560 and 540 


mU/kg bw, respectively. UBG of Hynobius 


nigrescens, Onychodactylus japonicus an 
Cynops pyrrhogaster show 18, ED and 87 
mU/kg bw, respectively. 

Calcitonin enhances Ca uptake in the lime 
sacs in anurans. On the other hand, in uro- 
delans CT does not affect Ca uptake in the 
otic vesicles nor in any other portions. 

These results strongly suggest that Ca 
kinetics and the role of CT on Ca regula- 
tion are markedly different between anuran 
and urodelan amphibians. 
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ULTRASTRUCTURE OF THE ULTIMOBRANCHIAL 
GLAND OF THE SNAKE, RHABDOPHIS TIGRINUS, 
UNDERGONE WITH ARTIFICIAL HIBERNATION 
H. Yoshizawal, K. Suzukil, M. Yoshihara 
Y. Sasayama%and C. Oguro? 

1 Dept. of Oral Histol., Matsumoto Dent. 

Coll., Shiojiri, 2 Dept. of Oral Physiol., 

Nippon Dent. Univ., Niigata, 3 Dept. of 


Biol., Fac. of Sci., Toyama Univ., Toyama 


2 


No paper is available for the ultra- 
structural study of the ultimobranchial 
gland (UBG) of reptiles which are on the 
way of hibernation, although some reports 
of fine structure of C-cells have been 
published in mammals under hibernation. 

In the present study, by using Rhabdophis 
tigrinus which were put through artificial 
hibernation, ultrastructural changes in 
the UBG were investigated. 

UBG of the early periods of hibernation 
showed degenerative changes such as cell 
necrosis and collapse of cell membrane. 
Broken mitochondria were found scattered 
in the cytoplasm. Golgi apparatus and 
endoplasmic reticulum were scarce. Locali- 
zation of the secretory granules disappear- 
ed, although the localization is clear 
in the normal gland. Most of granules 
remained were vacuolizated. However, it 
was noted that in the late periods of hi- 
bernation UBG exhibited recovery from this 
retrogression, and revealed no conspicuous 
differences from UBG of the normal snakes. 


EN 40 
CALCIUM UPTAKE FROM THE ENVIRONMENT IN THE 
BULLFROG:ROLE OF THE ULTIMOBRANCHIAL GLAND. 
C. Oguro, T. Harumi and Y. Sasayama 
Dept. of Biol., Toyama Univ., Toyama 

Uptake of Ca through the skin and gut 
was studied in the bullfrog using 4°Ca as a 
tracer. When the adults of which the eso- 
phagus and cloacal opening were ligated 
were kept in water containing 4°Ca for 24 h, 
45Ca was detected in many tissues. This 
shows that 45Ca is absorbed through the 
skin. Then4°Ca uptake from the buccal cavi- 
ty, web, dorsal and ventral skin were che- 
cked. 45Ca uptake was observed in all por- 
tions, although it was slow and low. Then 
45Ca absorption through gut was examined 
in vitro using everted gut sac and in vivo. 
In these experiments, it was demonstrated 
that absorption of 45Ca through the gut is 
fast and large. Ultimobranchialectomy 
(UBGX) did not affect these 45Ca absorp- 
tion. Distribution of 45Ca in the body 
after intraintestinal 4°Ca administration 
was studied to see the fate of 45Ca absor- 
bed. It was accumulated in every portions 
of visceral tissue. Bones, lime sacs, car- 
tilage and skin were the site that much 4°Ca 
activity was observed. UBGX did not affect 
45Ca uptake in every portions except the 
lime sacs. Uptake of Ca was markedly 
decreased in the lime sacs after UBGX. 
Therefore, ultimobranchial gland is not in- 
volving in the control of Ca uptake from 
the environment or through the gut but 
participating in Ca uptake in the lime 
sacs. 
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THE TIME OF THE ACTIVATION OF ULTIMOBRAN- 
CHIAL GLAND IN AMPHIBIAN LARVAE, 
Y. Sasayama', K. Matsuda’, C. Oguro* and A. Kambegawa’, 
‘Dept. of Biol., Fac. of Sci., Toyama Univ., Toyama, 
Dept. of Obstet. and Gynecol., Teikyo Univ, Tokyo. 
e time of commencement of calcitonin 
production in ultimobranchial gland (UB) 
was studied immunohistochemically in the 
larvae of the frog, Rana japonica, and of 
the salamander, Hynobius eee 

In both ia ener her iecacsicieer in 
production was detected in the stage which 
shows the protrusion of the hind-limb 
primordia. After that, in the tadpole, UB 
was well stained. In the salamander, it 
was noted that the positive cells are by 
far scarce through metamorphosis when 
compared to the tadpole. 

In anuran larvae, as it is well recog- 
nized that UB plays an important role on 
the bone ossification, it seems to be 
reasonable that UB starts to produce cal- 
citonin in the pro-metamorphic stage. On 
the other hand, we reported previously 
that the Ca contents of the whole body of 
the Hynobius nigrescens increase acutely 
after the protrusion of the hind-limb. 
Therefore, also in this species, there is 
a possibility that UB affects the Ca me- 
tabolism in the larval stages. The fact 
that calcitonin producing cells are scarce 
in the salamander may concern to the phe- 
nomenon that metamorphosis of the urodela 
needs to take much time until the comple- 
tion of it in comparison with the anura. 
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ULTRASTRUCTURAL STUDIES ON THE EMBRYONIC 
DEVELOPMENT OF THE PARS TUBERALIS IN THE 
TOAD, BUFO JAPONICUS 

Y.Oota. iauloll, 6s LimSieg 5 CU PEC CONC g 
Shizuoka Univ., Shizuoka. 


The embryonic development of the pars 
tuberalis (PT) in the toad was studied. 
Ware "EOE IPB OCCURS BS a2 joeilic Ox GiISk— 
Shaped! plaquess One catnee sce On mmumMe 
tuber cinereum. In the premetamorphic 
Stages) of the Larvae, sune™ plaque: elem 
gates anteriorly, and the connection of 
the other parts of the adenohypophysis 
1S loOsit. tae Pl is conoosecd chly a xew 
free epithelial cell mass which flanks 
the median eminence. Electron microscopi- 
cally, the PT cells have dark cytoplasm 
filled with free ribosomes, poorly devel- 
oped Golgi apparatus, a few endoplasmic 
reticulum and large nucleus. Consider- 
able increase in number and volume cf PT 
cells is demonstrated during metamorphic 
stage. Two types of PT cells are clearly 
1olsaieni1SCl, Wes WOSG joeieG O12 wae IY as 
composed of the non-granulated cells. 
The other cell type is granulated cells 
which are characterized by the presence 
of membrane-bound secretory granules 
with) —lOO>200)> nm) im diameter Aims ulate 
Gillie, Seeger, wae CywOloOgile KOACUReS Ot 
the PI are Similar to those of the adult 
PT. The number of the granulated cells 
is increased. Around the well developed 
Golgi apparatus, the electron-dense gra- 
nules are relatively numerous. 
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EXPERIMENTAL ANALYSIS OF DIFFERENTIATION 
OF TOAD PARS INTERMEDIA CELLS. 

S. Kikuyama, H. Inaco and K. Kawamura. 
Dept. Biol. Sch. Educ., Waseda Univ., 
Tokyo 160. 


Experiments were conducted in order to 
see whether differentiation of pars 
intermedia cells of Bufo japonicus 
formosus is dependent on hypothalamus. 

Two kinds of operation were performed at 
embryonic stage. 1) Primordium of 
posterior hypothalamus was surgically 
removed at open neurula stage. 2) 
Pituitary primordium was transplanted into 
tail region at tail-bud stage. After 3 
weeks, development of MSH cells was 
studied immunohistochemically, using A-MSH 
antiserum. For comparison, several 
adjacent sections were stained with 
antiserum for bullfrog prolactin. In the 
tadpoles lacking posterior hypothalamus, 
epithelial hypophysis was situated away 
from the normal site and no MSH cells were 
detected, whereas prolactin cells were 
invariably present. In the specimens 
receiving pituitary homografts, MSH cells 
were present in 8 of 11 cases. Prolactin 
cells were found in all cases. 

It is concluded that posterior 
hypothalamus plays an important role 
around the tail-bud stage for the 
migration of pituitary primordium to the 
ordinary position and for the 
differentiation of MSH cells. 
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PROLACTIN-RELEASING ACTIVITY IN THE 
HYPOTHALAMIC EXTRACT OF BULLFROGS 

K. Koiwai, T. Seki and S. Kikuyama. Dept. 
of Biol., Sch. of Educ., Waseda Univ., 
Tokyo. 


Hypothlamic extract (HE) was prepared 
by neutralizing the supernatant of a 1N 
HCl homogenate of bullfrog hypothalami. HE 
exhibited a potent prolactin (PRL) 
-releasing activity as measured by PRL 
released into the medium from the anterior 
pituitary gland of adult bullfrog 
incubated in the presence of HE. 

HE was chromatographed on sephadex G-25 
and the eluation was recombined into 
fractions I, II, and III. Among them 
fraction II retained a potent 
PRL-releasing activity, fraction I had a 
minor activity, and fraction III had 
little activity. When %H-TRH was 
chromatographed simultaneously with HE, 
most of the radioactivity was recovered in 
fraction II. 

HPLC analysis of fraction II was carried 
out on a reversed-phase column (Toyo Soda 
LS-410K), using a concentration gradient 
of acetonitrile. It was revealed that a 
fraction identified as TRH had the most 
potent PRL-releasing activity. A moderate 
activity was also found in another 
fraction which was eluted faster than TRH. 

It is concluded that TRH is a major 
PRL-releasing factor in HE and that there 
exists a releasing factor other than TRH. 
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PROLACTIN CONTENT AND SYNTHESIS IN 
PITUITARY GLAND AND PROLACTIN LEVELS IN 
PLASMA OF TOAD TADPOLES DURING 
METAMORPHOSIS. 

K. Niinuma, K. Yamamoto, and S. Kikuyama. 
Dept. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo 160. 

Plasma and pituitary prolactin (PRL) 
concentrations in Bufo japonicus formosus 
tadpoles raised in 1983 and 1984 were 
measured by a homologous radioimmunoassay. 
Plasma PRL increased as metamorphosis 
progressed. Plasma PRL concentration was 
about 2 ng/ml at premetamorphosis (stage 
36) and 5-7 ng/ml at the end of 
metamorphosis (st. 46). Pituitary PRL 
concentration was 11-13 ng/100 pg pituitary 
protein at st. 36. It was elevated during 
prometamorphosis and early climax and 
reached maximum (180-290 ng/100 pg 
pituitary protein) at st. 44. At the end of 
metamorphosis (st. 46), it declined to 
100-170 ng/100 pg pituitary protein. 

PRL synthesis in the pituitary gland was 
measured by monitoring the incorporation 
of 3H-leucine into PRL in vitre. PRL 
synthesis was relatively low during pre- 
and prometamorphosis and elevated during 
climax, reaching maximum at st. 44. Then 
there was a little decline at the end of 
metamorphosis (st. 46). These results 
indicate that changes in plasma PRL and 
pituitary PRL concentrations during 
metamorphosis are associated with the 
activity of PRL synthesis in the pituitary 
gland. 
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EFFECT OF PROLACTIN ON TSH-INDUCED 
THYROXINE RELEASE AND RADIOIODINE UPTAKE 
BY THYROID GLANDS OF BULLFROG TADPOLES. 
H. Takasu, K. Kawamura and S. Kikuyama. 
Dept. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo 160. 


In order to clarify whether prolactin 
(PRL) affects thyroidal activity in 
bullfrog tadpoles, two series of 
experiments were carried out. In the 
first experiment, hypophysectomized 
tadpoles were injected with bullfrog PRL 
and/or bovine TSH and effect of these 
hormones on 5I uptake into thyroid glands 
was studied in vitro. TSH injections 
(0.25-2.5 mIU daily for 4 days) elevated 
ST uptake by thyroid glands 
dose-dependently. However, PRL injections 
(2.5-25 pg daily for 4 days) did not 
affect TSH-induced elevation of ‘51 
uptake. In the second experiment, thyroid 
glands were excised from 
hypophysectomized tadpoles and incubated 
in a medium containing PRL and/or TSH. 
Thyroxine released into the medium was 
measured by radioimmunoassay. TSH (0.1-3 
mU/ml) increased T4 release into the 
medium dose-dependently and PRL (0.2-20 
pg/ml) had no effect on TSH-induced 
release of T4. It is concluded that PRL 
does not interfere with TSH at the 
thyroidal level in bullfrog tadpoles. 
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ENHANCEMENT OF EEG ACTIVITY BY INJECTIONS 
OF LHRH AND TRH IN HIBERNATING TOADS, 
BUFO JAPONICUS. 

Y. Fujita and A. Urano, Dept. of Regul. 
Biol., Fac. of Sci., Saitama Univ., Urawa 


Annual cycle of anuran behavior is con- 
Sidered to be dependent on circanual endo- 
crine rhythmicity. Initiation of reproduc- 
tive behavior in hibernating toads appears 
to be controlled by various neurohormones. 
In the present study, we applied LHRH and 
TRH to toads in late hibernation and ob- 
served their effects on chronic electro- 
encephalographic (EEG) activity, since it 
can be good index of anuran behavioral ac- 
tivity levels. Resting animals showed con- 
tinuous low amplitude EEG. Soon after sys- 
temic single injections of LHRH (100 yg) and 
TRH (S00 yg), EEG amplitude was increased 
markedly with a synchronized waveform which 
lasted intermittently or continuously for 
a few hours. Further, a slow enhancing ef- 
fect on EEG amplitude was observed about a 
day after injections of neurohormones. 
Intraventricular injections of LHRH and TRH 
(1 ug/ul saline) into the third ventricule 
also induced similar changes in amplitude 
and waveform of EEG, showing that both LHRH 
and TRH may act directly on the central 
nervous system. Since hypophysiotropic ef- 
fects of LHRH and TRH are well established, 
their hormonal and neuronal functions may 
have important roles in initiation of sea- 
sonal breeding activity by elevating a lev- 
el of general central nervous activity. 
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COMPARISON OF TESTICULAR FSH AND LH 
RECEPTORS OF BULLFROG 

H. Yamanouchi and “°S._ Ishii. Dept. of 
Biol., School of Edu., Waseda Univ., Tokyo. 


Takada and Ishii (1985) reported that 
specific binding of bullfrog FSH labeled 
with 1251 to a plasma membrane fraction of 
the builforg testis can be completely 
replaced by both unlabeled bullfrog FSH and 
LH and competition curves by these _ two 
unlabeled hormones were parallel. Specific 
binding of labeled LH was also replaced by 
both unlabeled FSH and LH but, in this 
case, the competition curve by unlabeled 
FSH had far less steep slope compared with 
the curve by unlabeled LH. Confirming 
these results, we further attempted to 
explain this strange phenomenon by means of 
the Scatchard plot analysis and _ the 
dissociation experiment. The nonparallel 
competition curve may be observed when 
there are multiple types of binding sites 
with different affinities, or there is 
negative or positive interaction between 
binding sites. However, Scatchard plot 
analysis revealed that there is a single 
type specific binding sites for each of FSH 
and LH. Furthermore, dissociation of 
labeled hormone was not influenced by the 
presence of either unlabeled homologous or 
heterologous hormone Consequently, there 
must be no site to site interaction for 
either hormone. We are planning to analyze 
effects of heterologous hormones on the 
association speed. 
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EFFECTS OF MAMMALIAN LUTEINIZING HORMONE- 
RELEASING HORMONE (LHRH) ON RELEASES OF 
GONADOTROPINS FROM ADENOHYPOPHYSIS OF MALE 
BULLFROG IN VIVO AND IN VITRO 

H. Yoneyama and S. Ishii. Dept. of Biol., 
Sch. of Edu., Waseda Univ., Tokyo. 


A single intracardic injection of LHRH 
to adult male bullfrogs induced significant 
increase of LH and FSH concentrations in 
serum collected from heart 15 minutes after 
injection at dose levels of 1.0 and 10.0 yg 
per individual. Responses of both hormones 
at 10.0 pg were higher than those at 1.0 
ug. LHRH also stimulated releases of LH 
and FSH from hemipituitaries in vitro. The 
minimum effective dose of LHRH was 10 ng/ml 
for both LH and FSH. The rate of stimu- 
lation did not differ significantly between 
LH and FSH at any of three dose levels in 
one of two experiments but differed at one 
of five dose levels in the other experi- 
ment. The respenses by stimulation for 
only initial 10 minutes was compared with 
those by continuous stimulation over 
period of one hour. In either stimula- 
tions, the largest release of both LH and 
FSH was observed for the initial 10 
minutes. There was a tendency of desen- 
sitization in the continuous stimulation 
group. This result seems to conflict to 
the finding by Licht et al. (1985). 
However, further analysis is required for 
definite conclusion. 
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GONADOTROPIN RECEPTORS IN PRIMARY CULTURES 
OF BULLFROG HEPATOCYTES. 


K.Kubokawa!, E.Takami’, S.Ishii’. ‘Dept. of 
Biol., Sch. of Edu., Waseda Univ. Tokyo, 
*Aoyamagakuin Highschool, Tokyo. 

Presence and properties of gonadotropin 
receptors in bullfrog (Rana catesbeiana) 
liver plasma membranes were already 
demonstrated by the present authors. The 
receptors activated adenylate cyclase after 
the binding with gonadotropins. For 
further studies on the hepatic receptors, 
we attempted to estabish primary culture 
of bullfrog hepatic parenchymal cells. 
Liver cells, after being isolated from 
adult male bullfrogs by collagenase 
perfusion, were maintained in monolayers in 
a serum-free medium (Medium F-10(Gibco) 
diluted to 60%) supplimented with triiodo- 
thyronine and dexamethasone. Survival rate 
of the cells was 100, 61, 60 and 47% on day 
il; Des) chocl  Oic CoulkebicS, seSes@CieanyeElyo 
Homogenate of the cells cultured for 1 and 
2 days bound radioiodinated bullfrog 
gonadotropin specifically. Furthermore, 
when the cells cultured for one or two days 
were incubated with highly purified 
gonadotropins ois Aisne exe 29" Cp “eles 
concentration of cAMP in the cells were 
markedly increased. No increase of cAMP 
concentraion was observable in bullfrog 
kidney and spleen cells cultured similarly. 
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BINDING OF THYROID HORMONES TO PLASMA 
MEMBRANE RECEPTOR OF TADPOLE ERYTHROCYTES 
DURING METAMORPHOSIS. 

<5 Waimawmeini, So IKoOwe, So Swuegwki, JA. 
Takikawa and R. Horiuchi. Inst. of 
Endocrinol., Gunma Univ., Maebashi. 


It is known that nuclei of erthrocytes 
from Rana catesbeiana tadpoles have 
3,3), hr iodothynonine CA» mreceptonr- 
and the number of the receptor changes 
during metamorphosis. In this studies, Ts 
binding properties on plasma membrane were 
compared during metamorphosis. T, binding 
to intact cell was saturable and’ tempera- 
ture CSE EC ii ies In incubation of erythro- 
Qpres Mali pew like eb IEC LOW O65 Oe 1.0 
hr, nuclear binding of 15 wasvomby a few 
Panece nite Ona Lona! Beloinicne uptake. The 
binding sites also showed a high stereo- 
SloeGiit Wet 7  ak@ Je 1S T3 Cie Ra ay Dis 
Tag)-Scatchard analysis revealed two 
classes of binding sites: high affinity- 
low capacity site (Kdy = 3.06) niM)), sands low 
elifacaliaatw\y~Iasfain CAyoei@miny ilies (Kdg = 281 
nM). During metamorphosis, affinity of 
both sites was constant. However the 
receptor numbers of cells increased signi- 
ficantly. Monodancylcadaverine blocked T 
uptake to adult erythrocytes, with hal 
maximal inhibitory concentration of 180 
uM. The results showed that T3 uptake into 
erthroeytes of bullirog oceurs, by 
receptor-mediated endocytosis. 
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EFFECTS OF THYROXINE (Tq) AND THIOUREA ON 
LOCOMOTOR ACTIVITY AND BASAL CO5 RELEASE IN 
THE TOAD, BUFO JAPONICUS 

Y. Tasaki, S. Ishii, Y. Oshima. Dept. of 
Biol., Sch. of Edu., Waseda Univ., Tokyo. 


In order to elucidate the role of Tq in 
adult toads in winter, we measured 
locomotor activity and CO2 release of toads 
treated with T4 (10 ywg/day x 2 weeks) and 
thiourea (1 mg/day x 1 week) alone or in 
combination. Toads had been kept at 6°C 
and 12L12D since November 1984 and measure- 
ments of the activity and CO2 release were 
simultaneously performed in a specially 
designed chamber (L x W x H being 42 x 20 x 
15 cm) in constant conditions of the 
temperature (10+41°C) and photoperiod (12L 
12D) between 3rd March and 2nd May, 1985. 
The thiourea treatment decreased T4 levels 
Significantly in males but not in females. 
In male toads, the basal level of C02 
release was elevated by both Tyg and thio- 
urea. In females, the elevation was recog- 
nized only by thiourea treatment. The mean 
locomotor activities of all the treated 
groups except the Tyg treated female group 
were lower than the control group but the 
difference was statistically significant 
only in the male group treated withT4 alone. 
Our result suggest that a high concent-— 
ration of Tq in plasma increases basal COo2 
release and decreases the locomotor 
activity in male toads. The effects were 
less marked or reversed in femal toads. 


EN 53 


ON THE TRIIODOTHYRONINE (T3) MEMBRANE RE- 
CEPTOR OF METAMORPHOSING TADPOLE LIVER. 
S.Suzuki, K.Yamauchi, S.Koya, and R. 
Horiuchi. Inst. of Endocrinol., Gunma 
Univ., Maebashi, Japan. 


Liver plasma membrane was separated 
from bullfrog tadpoles(Rana catesbeiana) 
at various metamorphic stages by stepwise 
sucrose gradient (37-43%) centrifugation. 
The membrane was incubated with labeled T3 
at 20°C for 3 hrs and binding profiles 
were analyzed with a Scatchard plot. The 
analytical data showed that specific bind- 
ing sites for T3 exist in the liver mem- 
brane of the tadpoles. Both high affinity, 
low capacity and low affinity,high capaci- 
ty binding sites for T3 were detected. T3 
binding affinity was at a low level (Kd = 
135nM) at pre- and prometamorphosis. How- 
ever, the binding affinity level increased 
abruptly at the metamorphic climax (Kd = 
25nM). The number of T3 binding sites 
(high affinity sites) increased at pro- 
metamorphosis and reached the maximum just 
before the climax of metamorphosis. At the 
end of metamorphosis, the number of bind- 
ing sites considerably decreased to that 
in the adult. The number of low affinity 
binding sites did not change throughout 
metamorphosis.These results indicate that 
T3 membrane receptor regulates the trans- 
port of T3 into liver’ cells as the inwer 
ation sites for the postulated actions of 
thyroid hormone during metamorphosis. 
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DEVELOPMENT OF CAERULEIN-PRODUCING CELLS 
IN XENOPUS SKIN GLAND DURING METAMORPHO- 
SIS. 1 > 
T.Seki, S.Kikuyama and N.Yanaihara . 
lpept. of Biol., Sch. of Educ., Univ. of 
Waseda, Tokyo. <Shizuoka College of 
Pharm., Shizuoka. 


Granular glands in the adult Xenopus 
skin has been reported to possess a large 
amount of caerulein, first isolated from 
the skin of Hyla caerulea. Caerulein 
contains 10 amino acids and it share 7 of 
those with C-terminal decapeptide of 
cholecystokinin(CCK). In the present ex- 
periment, the development of caerulein-— 
producing cells in the granular gland 
during metamorphosis was studied by 
radioimmunoassay and immunohistochemistry 
using antiserum to the C-terminal deca- 
peptide of CCK. The caerulein immuno- 
reactivities were first detected in the 
ovoid mass of cells arising from the 
cells of the germinal layer of epidermis 
at NF stage 58. At this stage, the con- 
centration in the trunk skin was below 1 
ng/mg wet tissue. By stage 60, the mass 
of cells gradually increased in size and 
formed a cavity which was filled with 
caerulein-containing granule and sur- 
rounded by single layer of cells. The 
shape of the gland at stage 61 is iden- 
tical with that in adult skin. The con- 
centration of caerulein increased as meta 
morphosis proceeded and reached about 80 
ng/mg wet tissue at stage 66. 
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EFFECTS OF GONADOTROPINS ON THE TESTIS IN 
THE PROCESS OF SEXUAL MATURATION IN RANA 
NIGROMACULATA. HISTOCHEMICAL AND ELECTRON- 
MICROSCOPICAL STUDIES. 

Tohru Kobayashi and Hisaaki Iwasawa. 

Biol. Inst., Niigata Univ., Niigata. 


Young frogs aged 1 month after meta- 
morphosis (series 1) and subadults aged l 
year after metamorphosis (series 2) were 
used. Experimental procedure was as 
follows: group A: controls, group B: hCG 
injection (0.3 IU/g BW/ day), group C: 
injection of aceton-dried distal lobe of 
bullfrog pituitary (0.003 piece/g BW/ 
day). Frogs were kept at 18°C, and their 
testes were examined histochemically and 
electron-microscopically 0, 1, 7, 16, 28 
and 41 days after the beginning of the 
injection. In group C of series l, a 
remarkable expansion of seminiferous tubu- 
lar lumina and the liberation of numerous 
germ cells from the tubular walls were 
observed on the day following the first 
injection, and a few mature Leydig cells 
had just appeared in the interstitial 
tissue on the 4lst day. In groups B and C 
of series 2, many mature Leydig cells were 
seen as early as the 28th day. Lo 1s 
concluded that in the young frogs of this 
species the maturation of Leydig cells is 
hardly induced even by long-term treatment 
with hCG or frog pituitaries, though the 
liberation of germ cells is easily produc- 
ed by gonadotropin injection. 
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ABSORPTION OF CALCIUM OF THE EGGSHELL BY 
THE SNAKE EMBRYO. 

M.Yoshihara} M.Uchiyama', T.Murakami', H. 
Yoshizawa M.Fujimori® and C.Oguro2 'Dept. 
of Oral Physiol., Nippon Dental Univ., 
Niigata, ?Dept. of Oral Histol., Matsumoto 
Dental Coll., Shiojiri and ?Dept. of 
Biol., Fac. of Sci., Toyama Univ., Toyama. 


Very little has been known on the role 
of calcium of the eggshell during embry- 
onic development, although the eggshell of 
reptiles contains a large amount of calci- 
um. In the oviparous snake, Elaphe qua- 
drivirgata, absorption of calcium of the 
eggshell by the embryo was studied. The 
eggshell of E. quadrivirgata contains 9.1% 
of calcium in wet weight base. After 
hatching, calcium content in the eggshell 
decreased to 83% of that determined at 30 
days before hatching. Then the absorption 
of “Ca by the embryo from the eggshell was 
determined. Female snakes injected with 
“Ca 19-21 days prior to the egglaying pro- 
duced eggs of which shell and yolk showed 
3200 and 0.44 cpm/mg, respectively. Total 
“Ca activity in the eggshell and yolk were 
1.6 x 10° and 5.0 x 10* cpm/egg, respec- 
tively. At hatching,“Ca activities in the 
eggshell and bone were 2000 and 1700 cpm/ 
mg, respectively. These results show that 
38% of “Ca in the eggshell moved to the 
embryo. From these results it was con- 
cluded that the majority of calcium in 
bone of hatchling snakes comes from calci- 
um in the eggshell. 
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ISOLATION OF CHICKEN FOLLICLE-STIMULATING 
HORMONE (FSH) BY HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY (HPLC). 1 
H.Sakai!, M.Sato', S.Wakabayashi and 
S.Ishii, ‘Dept. of Biol., Sch. of Dent., 
Nihon Univ. and *Dept. of Biol., Sch. of 
Edu., Waseda Univ., Tokyo. 


Chicken FSH preparations with high 
specific potency were prepared by HPLC of 
"Pharmacia". AS the starting material, an 
ethanol precipitated glycoprotein fraction 
(AG11C) was prepared from 46g of acetone- 
dried chicken adenohypophyses by the 
method of Stockell-Hartree and Cunningham 
(1969). A buffer extract of AG11C was 
fractionated by cation-exchange chromato- 
graphy on a CM-Sepharose CL-6B column, and 
two FSH fractions (AGC113C and AGC116C) 
and an LH fraction (AGC119C) were obtain- 
ed. AGC113C was further purified by HPLC 
with Mono Q, Superose 12 and Mono Q again. 
Finally, Three FSH preparations, AGCQSQ- 
113443C, AGCQSQ113444C and AGCQSQ113445C, 
were obtained. Relative potency of these 
preparations were 0.89, 1.18 and 1.79 
times of AGCHDS111135A (Sakai and Ishii, 
1980), respectively. In these three 
preparations, only 4.9% of the FSH potency 
in the starting material were recoverd. 
This value is as low as the value obtained 
in our previous study (1980). However, 
the total recovery rate of FSH potency in 
the three HPLC columns was 52%. Thus, 
HPLC is shown to be useful for purifica- 
tion of chicken FSH. 
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BIOASSAY OF AVIAN THYROID STIMULATING 
HORMONE 

M.Sato', H.Sakai', S.Wakabayashi' and 
K.Moriwaki2. ‘Dept. of Biol. and ?RI 
Lab. Seh. of Dent., Nihon Unive okyor 


A sensitive method for bioassay for 
avian thyroid stimulating hormone (TSH) 
was devised. Thyroid glands were dissect 
out from five-week-old male Japanese 
quail. Each gland was incubated for 2 
hours in 1 ml of Medium 199 under the 
constant flow of 95% Og and 5% COg at 
37 °C (pre-incubation). Thyroid gland 
was then incubated for 3 hours in 0.25 ml 
of the medium, which containing a refer- 
ence or sample preparation. The thyroxin 
(T4) concentration of the medium in each 
tube was determined with the radioimmuno- 
assay kit (Eiken) and used as the index 
of the TSH activity. In this buoasisiays, 
7.8 pg of acetone-dried chicken pituitary 
gland (A1D) induced a significant increase 
of T4 secretion. A linear log-dose 
response relationship was recognized in 
the dose range of A1D between 7.8 and 500 
yg. The percision index was 0.19. Intra- 
assay and inter-assay coefficients of 
variations were 55 % and 59 %, respective- 
ly. Bovine TSH (Sigma) and partially 
purified chicken pituitary glycoprotein 
showed high TSH activies. Human chorionic 
gonadotropin had a slight activity. 
Chicken follicule-stimulating hormone and 
quail brain extract had no activity. 
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Initial process of photostimulated LH 
Secretion in quail —---— From episodic 


release to constant secretion 

M. Wada-, A. Hattori~, F. Hatanaka~ 
Inept. Gen. Educat., Tokyo Med. Dent. 
Univ., Maye, Wa@ilo, SElao@il Oise lclwuC@Aica, 
Waseda Univ. 


An initial process of the LH release 
by photostimulation was studied in detail 
by collecting blood samples every 2 hours 
and determining their LH contents. An 
abrupt LH release was observed 20-24 hours 
after the onset of light in both cases in 
which birds were transferred from 8L16D to 
16L8D or to stimulative 8L4.5D1L10.5D. 
However, this release pattern of LH was 
transit; Circulating LH became high and 
showed no apparent circadian rhythms 3-4 
days after photostimulation. Once circula- 
ting LH attained high levels, LH tended to 
maintain the high levels even though the 
birds returned to short days. LH release 
seems to change qualitatively during the 
initial process. Circulating testosterone 
began to increase during the latter half 
of the process. aie) eis El joveysiSjabjojak atte 
that testosterone was involved in this 
quailitative change, testosterone was 
subcutaneously implanted before photosti- 
mulation. LH release was completely 
suppressed by the treatment. Hiny Walieie© 
experiments indicated that testosterone 
had no positive effect on LH release with 
LHRH. 
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Effects of chicken LHRH on LH release from 
quail pituitary in vitro by various modes 
of its application iwith dit temenr 
frequencies, dyrations and doses 

A. Hattori-~, S. Ishii’, M. Wada 
lwaseda Univ., Tokyo 160 and “Tokyo Med. 
Den. Unive, Lehikawar2ai2 


When Japanese quail in short days are 
transferred to long days, plasma LH level 
starts to increase at episodic fashion at 
the beginning and then it is fixed eat 
constant high levels. To analyze this 
change of release patterns, LH release was 
examined from an incubated quail pituitary 
in short day birds in various conditions. 
Intermittent application of LHRH (30ng) 
such as 10 min stimulation every 60 min 
induced repetitive LH release only during 
stimulation of LHRH. Constant or frequent 
application like 10 min stimulation every 
20 min did ‘not, induce yconis tamtemons 
repetitive LH release but decreased its 
release. A lower dose of LHRH (3ng) could 
induce repetitive LH release even when 
applied every 20 min, but again constant 
application decreased LH release. The 
same results were observed in the 
pituitary gland obtained from long day 
birds. The results suggest that LH 
secretion is regulated by a pulse of LHRH 
release and that low dose of LHRH 
stimulates the release of LH even at high 
pulse frequency but high dose of LHRH 
requires a low frequency to maintain LH 
release. 
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STUDIES OF MECHANISMS OF INDUCTION OF 
POLYDIPSIA BY HORMONIC STEROIDS IN THE 
JAPANESE QUAIL, Coturnix coturnix japonjca. 
T.Karakida, K.Yamaguchi and H.Kobayashi 
Dept. of Physiol.» School of Med., Niigata 
Univ., Niigata, DANs5 Oe ItOl,~, wae. OC 
Sci., Toho Univ., Funabashi. 


Following single  intraperrtoneal aaa. 
jections, of cholesterol), estradiol asia 


testosterone propionate, progesterone, 
aldosterone, desoxycorticosterone acetate 
(DOCA), hydrocortisone and corticosterone, 


water intake, plasma angiotensin II (AII), 
plasma osmolality and plasma Na were mea-— 
sured in the Japanese quail. Water intake 
increased after injections of progesterone, 
aldosterone, DOCA, hydrocortisone and 
Corticosterone. Plasma AII decreased after 
injections of progesterone, DOCA, hydro- 
cortisone and corticosterone. Plasma osmo- 
lality increased after injections of aldo- 
sterone, DOCA, hydrocortisone andy coneteos 
sterone. Plasma Na increased after injec- 
tions of testosterone propionate, proge- 
sterone, aldosterone and DOCA. Progesterone 
had a similar effect to corticoids on water 
intake. From these results, it is suggested 
that the increases of water intake induced 
by corticoids and progesterone were mediat— 
ed through cellular dehydration, which was 
caused by changes in the distribution of 
water and particles affecting osmotic 
pressure between intra- and extracellular 
compartments. 
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STIMULATION OF WATER INTAKE BY PARATHYROID 
HORMONE IN THE JAPANESE QUAIL, Coturnix 
coturnix japonica. 

Y. Okawara and H. Kobayashi. Dept. of 
Biota bac. Of Sci., Toho Univ., Funabashi. 


A single intraperitoneal (ip) injection 
of synthetic bovine parathyroid hormone 
consisting of NH.-1-34 amino acids (bPTH- 
1-34) stimulated ‘water intake at doses of 
1.0 and 3.0 nmol/bird for 90 min in the 
Japanese quail, Coturnix coturnix japonica. 
A single intravenous injection of the 
hormone (0.1 and 1.0 nmol/bird) also inc- 
reased drinking. However, intracranial 
injection of the hormone failed to increase 
water intake at a dose of 0.01 nmol, which 
is about 10 times lower than that used in 
the systemic injections. This suggests that 
the brain has no receptor for bPTH-1-34 
with respect to drinking function. 

A single ip injection of bPTH-1-34 (1.0 
and 3.0 nmol/bird) caused polyuria. Stimu- 
lation of water intake by bPTH- 
1-34 (3.0 nmol/bird) was inhibited by an ip 
injection of 100 ng/bird of arginine 
vasotocin, an antidiuretic hormone. It is 
concluded, therefore,that bPTH 1-34 may act 
directly on the kidney, causing’ urine 
excretion, resulting in stimulation of 
water intake. 
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SEX DIFFERENTIATION AND NUMBER OF GERM 
CELL OF GONAD IN MALE QUAIL EMBRYO ADMINI- 
STERED ESTRADIOL BENZOATE. 

Y. Ito. N. Yamamoto. Dept. of Physiol. 
Spie. Univ.. Seh. of Med... Gifu. 

Estradiol benzoate (0.02 mg) was inject- 
ed into yolk of fertilized egg of genetic 
male quail on the eary stage of incubation 
Number of germ cell of gonad was counted 
under a microscope and compared with that 
of control male or female. Theat of Llekt 
testis in the treated group was about 13. 0- 
00 cells on the ninth day. about 36.000 
cells on the eleventh day and .about 21. 00- 
0 cells on the thirteenth and fifteenth 
days. and showed a decrease against that 
of control left testis or left ovary. On 
the other hand. that of the right gonad in 
the treated male was about 4,000 cells on 
the ninth day. about 12.000 cells on the 
eleventh day and about 9.000 cells on the 
thirteenth and fifteenth days. and showed 
a great decrease as compared with that of 
control right testis (about 12.000 cells 
on the ninth day. about 30.000 cells on 
the on eleventh day. about 42.000 cells 
on the thirteenth day and about 49.000 
cells on the fifteenth day). but on the 
contrary was increased over that of cont- 
rol right female gonad (about 3.000 cells 
on the ninth day. about 2.400 cells on 
the eleventh day. about 1.200 cells on the 
thirteenth day. and about 900 cells on the 
fifteenth day). These results indicate 
that estradiol benzoate greatly retarded 
an increase in number of germ cell of 
gonad during development. 
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ULTRASTRUCTURE OF INTERSTITIAL CELLS IN 
THE GONAD OF QUAIL EMBRYO. 

K.Yamada and A.Amanuma. Biol. Lab., Sch. 
of Lib. Arts, Asahi Univ., Gifu. 


We observed the fine structure of inter- 
stitial cells of gonads in quail embryos 
aged from 6 days to 15 days of incubation 
and that of the estrogen-treated embryos. 

In some female embryos at 7 days of 
incubation, the interstitial cells which 
were lying in small clumps appeared in the 
primary sex cords. The cells were charac- 
terized by abundant smooth-surfaced endo- 
plasmic reticulum, many lipid droplets, 
developed Golgi bodies and dense bodies. 
As the development advanced, these clumps 
were increased in number and size. The 
nerve endings having two kinds of synaptic 
vesicles were in close contact with sever- 
al interstitial cells in 15-day embryos. 
In developing testes, few immature inter- 
stitial cells were seen among the testicu- 
lar cords of 15-day embryos. No innervation 
of the testicular interstitial cell was 
found. 

In the estrogen-treated male embryos, 
the left gonads were partially feminized, 
but their interstitial cells showed the 
same developmental pattern as that in the 
normal embryonic testis. No remarkable 
effect of estrogen on the differentiation 
of interstitial cells could be discernible. 

The present result differs from the 
chick in the development of the inter- 
stitial cells. 
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SEXUAL DIMORPHISM IN THE HYPOGLOSSAL 
NUCLEUS OF THE DUCK EMBRYONIC BRAIN. 

S.Mori and T.Noumura, Dept. of Regul.Biol., 
Fac. of Sci., Saitama Univ., Urawa. 


In passerine songbirds, song is a re- 


productive courtship or territorial behav- 
ior typical of males induced by androgen, 
and is essentially controled by different 
areas of the forebrain and hypoglossal 
nucleus of the medulla projected to the 
muscles of the vocal organ, syrinx. These 
vocal control areas are larger in males 
than in females with respect to cell size, 
cell number and cell mass. The duck syrinx 
shows sexual dimorphism and bilaterally 
symmetric female-type is induced by ovarian 
estrogen during embryonic life. 

Using neurohistological techniques, in- 
cluding Nissl’s stained frozen sections, we 
have studied the hypoglossal nucleus of the 
medulla (nXII) in 24-day duck embryos, one 
or two days before hatching. Both volume 
and cell number are larger in the male than 
in the female. Moreover, the right nXII is 
significantly smaller in both volume and 
cell number than the left one in the female 
embryo. Therefore, the sex difference in 
nXII could be explained by asymmetric dif- 
ference in the female. This is the first 
demonstration of sexual dimorphism in the 
brain of the avian embryo. We are investi- 
gating whether the sex difference in the 
duck embryonic brain is comparable to that 
of sexually maturing songbird. 
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BEHAVIOR: LORDOSIS INHIBITION AND MOUNTING THE EFFECT OF TESTOSTERONE ON SYNAPTIC 
PATTERN IN THE LATERAL SEPTUM OF THE 


FACILITATION IN MALE RATS. 


F ADULT RAT 
a i . 2, qd ‘ ‘ : 
Y. Kondo, A. Shinoda, K. Yamanouchi an M. Miyakawa and Vo. Arai ) Spe peemaaaere 
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ee en en ee EEe ae The septum plays a role in various 


MAE “OWI SSE of septal or medial pre- 


E : behavioral and neuroendocrine functi 
optic lesions on male and female sexual Ue LOnS 


behaviors were examined in castrated male ee ae abunany | in FeCe OCS et me 

rags. SlLanee weeks vars vers bicaria a sUieseiayE 3 ae fa Wane i paneer 

animals were implanted with Silastic tubes TiS pe mRes eee: el 
weeks of age. Twelve weeks after oper- 


containing testosterone (T) and the per- 
formance of male sexual behavior was stud- 
ied. T tubes were removed immediately 
after the end of the behavioral tests. Two 


ation some of the animals received im-— 
plantation of 2 pieces of silastic tubing 
(1.6 mm i.d., 3.2 mm ond.) oS eciusmkentca 


weeks later, animals implanted with Silas- ens Wate acter ies: ae a oes 
tic tubes containing estradiol (E) were a ina dated ees ee ies in x 
subjected to female sexual behavioral parece se © pe Be Ea an 
toate examined ultrastructurally. Axodendritic 


shaft synapses and spine synapses were 


Bilateral lateral septal lesions (LSL) counted ditterent italy, prem On OOOMS ce rimmors 


and medial preoptic lesion (MPOL) both 


: : ‘ ‘ Z the neuropil. Synaptic paluivern= swelsmam ole 

SUID OSI Moun ne intromission a0 a different between control and castrated 
jaculation frequencies, whereas the medial ; 

males. However, the number of spine 


septal lesion (MSL) had no effect. In fe- 
male sexual behavioral tests, control, MSL 
and MPOL males showed low lordotic activi- 
ty. In contrast, the LSL males showed high 
lordotic activity. These results suggest 
that the lateral septum exerts facili- 
tatory influence on male sexual behavior 
and inhibitory influence on female sexual 
behaviors in male rats. On the other hand, 
the medial preoptic area may play a criti- 
Call mOle aim mesullecimng ox male  sexuel 
behavior. 


synapses of castrated rats receiving T- 
implantation was significantly smaller 
than that of intact and castrated males 
without T. This was presumably due to the 
decrease of synapses which did not contain 
large granular vesicles. The synaptic 
pattern of lateral Septum seems vom bic 
int lwenced” by Sex ‘siveroid) anmwaduiktieeargsr 
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EVIDENCE FOR HYPOTHALAMIC LATERALITY IN A POSSIBLE ROLE OF ANDROGEN IN THE NEURO- 
REGULATING GONADOTROPIC FUNCTION. GENESIS OF THE HYPOGASTRIC GANGLION IN MICE 


Y. Suzuki and Y. Arai* 


S. Murakami, M. Fukuda*, K. Yamanouchi, 3 : 5 a 
Ziel Wo Lure. DENTS. O Anew. incl “Olo-Gyine » Daber eto yas URnive TOg a 
Juntendo Univ. Sch. of Med. Tokyo. 3 Juntendo Univ sch Meds lokye: 


There is a sexual dimorphism in the hypo- 
gastric ganglion innervating the internal 
genitalia of mice. Prenatal treatment with 
androgens has been shown to produce an 
increase in the number of neurons in this 
ganglion. In the present study, as one 
step to elucidete the mechanism, the role 
hemiovariectomy Wistar apenaler eaten Imee of androgen in the neurogenesis, we attempt 
Ganea: bani unibateral Mesion Ga the ight ed to examine whether the prenatal exposure 
or iG side Of He emteslor ihyaochalle of pregnant mice to testosterone propionate 
Sane NE Rew eTEet aEaINS ene Oyersy (TP, 2 mg) from days 14 vo We Vo meseciancken 

; ? could alter the mitotic rate and/or pycnot— 


In order to examine the possible left- 
right difference in the hypothalamic gona- 
dotropic function, the effect of unilat-— 
eral hypothalamic lesion on the 
development of the ovarian compensatory 
hypertrophy (OCH) was studied following 


ipsilateral or contralateral to the lesion ; . : : 

; ic rate in the hypogastric ganglion of 17- 
We oe Cd tend WEAgNteK. INN WEEKS aloe day-old Ponta e ae Sexual a2. nigral 
a OD aa hie Sra yey OSS the mitotic rate was noted in the control 
Site of hemiovariectomy, the right-side BPOUP spo The «MLLOt Le grate aie Ce ams 


the TP-exposed group was significantly low- 
er than that of both sexes in the control 
group, respectively. On the other hand) va 
sexual difference in the pycnotic rate was 


anterior hypothalamic lesion (RAHL) sup- 
pressed OCH; but the left side aniteriior 
hypothalamic lesion (LAHL) failed to sup- 
press it. These results provide evidence 


E observed in the control group. The pycnot— 
EOE Ene Beesence OF hypothalamic laver= ic rate of control males was significantly 
BLL ae oe Some clo wroig un Oe lower than that of control females. Fur- 
ECT c = BCI REL OR, Muon © eine mae aul thermore, the pycnotic rate of both sexes 
studies indicated that RAHL reduced LHRH : ; . + ps 
MINAS INSEE EAE nee ie Get, Bh in the TP-exposed mice was significantly 
enivhenice MO nrene ieeton tae ia a decreased compared with that of control 
reduced LHRH staining aipees in the peuetes. Xe ney, SUAS uplety Somle, Dien) oe. 
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neurons in the developing hypogastric 


failure to suppress OCH. Neural substrates . 
ganglion. 


responsible for regulating of LHRH neurons 
may be right-—brained. 
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ESTROGEN FACILITATES SYNAPTOGENESIS IN THE 
NEONATAL PREOPTIC AREA GRAFTED INTO THE 
ADULT BRAIN. 

A. Matsumoto, S. Murakami and Y. Arai, 
Dept. Anat. Juntendo Univ. Sch. Med. Tokyo 


The preoptic area (POA) taken from the 
newborn female rats was transplanted into 
the third ventricle of the ovariectomized 
AaGwtb: orats. From the day of grafting, 
estradiol-178 in Silastic capsule was 
placed subcutaneously to the host animals 
for 4 weeks. The POA transplants’ were 
examined at light and electron microscopic 
levels 4 weeks after transplantation. All 
of the POA grafts showed an appearance 
Similar to normal neural tissue. The 
volume of the POA grafts in the host 
treated with estrogen was’ significantly 
greater than that in the controls. Al- 
though there was no significant difference 
in the neuronal density of the POA grafts 
between the estrogen-treated and control 
groups, the number of axodendritic syn- 
apses of the POA grafts exposed to estro- 
gen through the host for 4 weeks was sig- 
nificantly greater than that of the POA 
grafts without estrogen treatment. 

These results suggest that estrogen has 
a stimulatory effect on the development of 
neuronal substrates in the neuropil of the 
intraventricular POA graft, increasing its 
Synaptic population. 
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EFFECTS OF ESTRADIOL-178 ON THE GROWTH OF 
NUCLEAR VOLUME AND NEURONAL PROCESSES IN 
THE SEXUALLY DIMORPHIC NUCLEUS OF THE 
PREOPTIC AREA. 

M. Uchibori, H. Shimizu and S. Kawashima. 
moon. Lust... Fac. of Sci., Hiroshima Univ., 
Hiroshima, 


The morphogenetic effects of estradiol- 


178 (Ey) were assessed in the sexually di- 
morphic nucleus of the preoptic area ( SDN- 
POA) in male rats. Male rats were castrated 
on the day of birth and were given daily sc 
injections of 10 pg E for the first 10 
postnatal days. At 10 and 30 days of age 
the volume of the SDN-POA ( in Nissl prepa- 
rations ) and the total process length of 
neurons of the SDN-POA ( in Golgi prepara- 
tions ) were measured. Castrated or sham- 
operated rats served as the controls. E59 
Significantly increased the nuclear volume 
in 10- and 30-day-old rats. The total neu- 
ronal process length increased in 30-day- 
old rats as compared with controls, but in 
10-day-old rats E> failed to stimulate the 
growth of neuronal processes. Thus, the 
parallel change in the nuclear volume and 
the total process length was observed in 
30-day-old rats but not in 10-day-old rats. 
The difference in response to Ey between 
the nuclear volume enlargement and the 
process growth may indicate that the latter 
(two dimensional change) takes longer time 
than the former (three dimensional change) 
before any significant change is detected. 
At any rate, the stimulatory effect of E2 
on the SDN-POA was evident. 
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SEX DIFFERENCE IN POSTNATAL DEVELOPMENT OF 
LHRH-IMMUNOREACTIVE NEURONS IN THE PREOPTIC 
AREA-ANTERIOR HYPOTHALAMUS OF RATS. 

R. Ono, S. Takahashi and S. Kawashima. 
Zool. Inst., Fac. of Sci., Hiroshima Univ., 
Hiroshima. 

Neurons producing luteinizing hormone- 
releasing hormone (LHRH) are distributed 
in the preoptic area-anterior hypothalamus 
in rats. In the present study, the number 
and distribution of LHRH neurons were de- 
termined by the immunohistochemical method 
(peroxidase anti-peroxidase method) in male 
and female rats of the Wistar/Tw strain at 
theyvepge, of 10 1720) 30,5 60) days, ‘and. .12.and 
20 months. LHRH immunoreactive cells were 
not discernible in 10- and 20-day-old rats. 
However, at the age of 30 days immunoreac- 
tive cells were detected, and the number in 
female rats was greater than that in males. 
At the age of 60 days, the number of immu- 
noreactive cells was more in males than fe- 
males at proestrus, and it decreased at 12 
and 20 months of age in both male and fe- 
male rats. At these advanced ages most fe- 
male rats were in the state of persistent 
estrus. Distribution patterns of immunore- 
active cells and fibers were the same in 
both sexes, irrespective of ages. In some 
20-month-old male rats, LHRH immunoreactive 
fibers in the median eminence were less 
frequently encountered than in the other 
age groups. These resultsshow that develop- 
mental changes of LHRH neurons differ with 
sex, but in older rats sex difference was 
not significant, 
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EFFECTS OF DEAFFERENTATION OF THE SUPRACHI- 
ASMATIC NUCLEUS ON THE ESTROUS CYCLE OF THE 
FEMALE RATS, 

K. Nomura, S. Takahashi, and S, Kawashima, 
L001... 1net.5 Fac. Of Sel... Hiroshima’ Univ. ; 
Hiroshima. 


It is well known that the electrolytic 
lesion of the suprachiasmatic nucleus(SCN) 
blocks ovulation and induces persistent es- 
trus in female rats. In the present study 
the effects of deafferentation anterior to 
the SCN(ASD) and posterior to the SCN(PSD), 
and complete deafferentation of the SCN(CSD) 
on the estrous cycle and ovulation were ex- 
amined in adult female Wistar rats,CSD rats 
showed irregular vaginal smear patterns but 
ASD and PSD rats showed essentially regular 
cycles during 6 weeks of post-operative pe- 
riod, Ovarian weight of sham-operated rats 
was 37.5 + 1.3(mg/100gBW) and those of CSD, 
ASD, and PSD rats were 17,2 + 1,3, 31.8 + 1.8, 
and 34.2 + 2.7, respectively. Statistically 
significant difference from the sham-oper- 
ated group was detected in CSD group only( 
P<0.001). The ovaries of CSD rats contained 
many cystic follicles but few corpora lutea, 
indicating that they were in an anovulatory 
state. The ovaries of ASD and PSD rats were 
histologically not different from those of 
sham-operated animals.Those results suggest 
that ovulation and estrous cycle are main- 
tained if the influence of circadian oscil- 
lator can reach the preoptic area-anterior 
hypothalamic area either via anterior or 
posterior route from the SCN, 
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IN VITRO LHRH RESPONSIVENESS OF THE PARS 
TUBERALIS DIFFERS FROM THAT OF THE PARS 

DISTALIS. 

Y. G. Watanabe. Department of Anatomy, 

Sapporo Medical College, Sapporo. 


The objective of this study was to test 
whether cells of the rat and mouse pars 
tuberalis (PT) respond to LHRH as those of 
the pars distalis. Radioimmunoassay of the 
culture medium in which the PT without the 
pituitary had been maintained for 24 hour 
showed a small amount of LH release from PT 
cells. This hormone release, however, was 
independent of LHRH added and highly varia- 
ble among individuals. Immunohistochemical 
investigation of the PT also showed marked 
variation in the number of LH cells: few or 
no LH cells were observed in some animals. 
A correlation was seen between the amount 
of LH release and the number of immunoreac- 
tive cells. 

When the PT together with the pituitary 
gland from mature female rats and mice was 
incubated for 24 hour in the presence of 
LHRH, only pituitary LH cells showed a no- 
table depletion of immunoreactive material. 

These results suggest that although LH 
cells in the PT have LH releasing capacity 
in vitro, their mode of hormone secretion 
in response to LHRH differs from that of LH 
cells in the pars distalis. The inconsis- 
tent occurrence of LH cells in the PT may 
indicate that they play a less important 
role in normal physiological conditions. 
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MEDIAL AMYGDALA ABLATION IN ADULT AND NEW- 
BORN FEMALE RATS AND SEXUAL CYCLICITY AND 
PLASMA LH CONTENTS AFTER SEX STEROIDS. 
S.Hayashi(1), S.Sasamoto(2) and F.Ellen- 
dorff(3) (1)Dept Anat/Embryol,Tokyo 
Metropol Inst for Neurosci,Tokyo, (2)Dept 
Physiol, Tokyo Univ Agricul & Technol, 
Tokyo and (3)Endocr Lab Inst Tierzucht 
und Tierverhalten, FAL, Mariensee, FRG 
Medial amygdala nucleus was ablated by 
thermocoagulation in adult female rats in 
the proestrous morning and the jugular 
blood was collected 8 and 32 hrs thereaf- 
ter. The plasma LH contents were measured 
by radioimmunoassay. Amygdalar destruction 
inhibited ovulatory rise of LH at pro- 
estrous evening. However, the sexual cy- 
cles returned several days afterwards. 
Positive and negative feedback response of 
plasma LH following estradiol (E) and 
progesterone (P) in the similarly-lesioned 
female rats was also exmanined but no 
influence of the ablation was detected. 
The similar lesions were made in 2- to 10- 
day-old females and plasma LH content was 
measured after E and P injection at adult. 
No significant changes were found when the 
lesion was limited in the medial amygdalar 
nucleus, while plasma LH was significantly 
less than the sham-operated rats when the 
cortical and basolateral amygdala nuclei 
were also damaged. These results’ suggest 
that involvement of medial amygdala in 
proestrous rise of LH is not essential but 
rather modulatory. (partly supported by 
DAAD and Yoshida Found. for Sci. & Tech.) 
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EFFECT OF DIFFERENTIAL HOUSING ON LONGEVITY 
AND SERUM TESTOSTERONE LEVELS IN MALE MICE. 
S. Koike and T. Noumura*. Fac. of Path. and 
Tox., Upjohn Pharmaceuticals Ltd., Takasaki 
and * Dept? of Reg. Biol.) Pace om Senm 
Saitama Univ., Urawa. 


The influences of housing in different 
group sizes (1,2,5 or 10 per cage) on life- 
Span and serum testosterone (T) levels were 
studied in male ICR mice from weaning (21 
days) to 550 days of age. 

Mortality curve could be divided into 
three phases: juvenile (J), adult (A) and 
senescent (S). In J phase, mortality de- 
creased with increasing in group size. In A 
and S phases, the mortality curve were not 
so much different in the slope, but in the 
age of turning points among groups. Social- 
ly-housed males tented to live longer than 
Ssingly-housed ones, but the longest survi- 
vor in each group was consistently around 
570 days of age. The circulating T levels 
were lowered with increasing group size 
during sexual maturation, and the individu- 
al variations of great magnitude were evi- 
dent within and among cages. Suppressive 
effect was partial to one or two members 
within cages, and intensified with increas- 
ing group size throughout 200 days of age. 

The results suggest that the postweaning 
housing conditions may influence longevity 
and serum T levels in male mice, and sing- 
ly-housing condition may be qualitatively 
different from socially-housing one. 
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EFFECTS OF SOCIAL ENVIRONMENTS ON AGE DIF- 
FERENCES IN PLASMA LH, FSH AND TESTOSTERONE 
LEVELS IN MALE MICE. 

T. Machida and S. Kawashima. "Zool inser 
Fac. of Sei., Hiroshima’ Unive shessocmaanar 


Influence of housing conditions on age 
changes in reproductive functions was stud- 
ied in male mice. Three-month-old CD-1 mice 
were housed either singly or in groups of 
one male (M) with 4 females (F); 3M with 
2F, 5M, and 3M, respectively, and plasma 
levels of LH, FSH and testosterone (T) were 
measured in male mice at 4 or 13 months of 
age. At 4 months, plasma LH and T levels 
were the highest in groups of 1M with 4F 
and 1M, while FSH levels were significantly 
lower in these groups. At 13 months, sig- 
nificantly higher level of plasma LH was 
detected in males of 1M with 4F, 3M with 
2F and 3M groups than animals of 5M and 1M, 
while plasma titer of T was significantly 
higher in groups of 1M with 4F, 5M and 1M 
than animals of 3M. No significant differ- 
ence was detected in plasma FSH level among 
groups of 13-month-old mice. Although posi- 
tive correlation was obtained between plas- 
ma LH and T levels at 4 months of age, no 
significant relationships were found in 
these hormones at 13 months of age. It was 
proved that different housing conditions 
exert various influences on age changes in 
circulating levels of LH, FSH and T in male 
mice. However, under almost all housing 
conditions examined, plasma LH, FSH and T 
titers were significantly higher at 13 
months than 4 months of age. 
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EFFECTS OF DIFFERENT SIZES OF POSTWEANING 
GROUPING ON GROWTH AND SERUM ESTRADIOL 
LEVELS IN FEMALE MICE. 

S. Yamaguchi and T. Noumura. Dept. of Reg. 
Heo. Fac. of Sci., Saitama Univ., Urawa. 


The influence of rearing in different 
groups on growth and gonadal function were 
studied in female ICR mice, which were 
housed in groups of 1,2,5, and 10 per cage 
at weaning on day 21. Body weight, weights 
of reproductive organs, and serum estradiol 
levels were measured until 300 days of age. 

The singly-housed female mice weighed 
less than the socially-housed ones at all 
ages and at the range of group size 
studied. With increasing group size, 
Ovarian and uterine weights were little 
affected, the age at vaginal opening were 
slightly delayed. Serum estradiol levels 
were also lowered by depriving of fluctu- 
ation among days of the estrous cycle, 
which were kept in groups of 1 and 2 per 
cage. The latter smaller groups had peaks 
in estradiol level at 60,90 and 150 days 
and at 60 days, respectively. 

The results indicate that developmental 
patterns of growth and ovarian function in 
female mice were significantly affected by 
postweaning social conditions. 

This work was supported in part by a 
Grant for Life Science Research Project 
from the institute of Physical and 
Chemical Research. 
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MORPHOLOGICAL CHANGES IN THE SUBMANDIBULAR 
GLANDS AND THE ADRENAL X ZONE OF MATURE 
FEMALE MICE INDUCED BY AN OVARIECTOMY. 
S.Matsuura and K.Suzuki. Dept.of Oral Histo- 
logy, Matsumoto Dental College, Shiojiri. 


Morphological changes in the submandibu- 
lar glands of mice induced by an ovariecto- 
my were studied morphometrically. Moreover, 
in order to know the state of sexual hor- 
mones which may expect to be altered after 
the ovariectomy, the trend of the adrenal 
X zone was also examined. 

In submandibular glands 1 to 4 weeks af- 
ter the ovariectomy, no changes were obser- 
ved in area percentages of the acinus, the 
intercalated duct(ICD), and the granular 
convoluted tubule(GCT). However, even at 
those periods, the increase of granules 
both in ICD and GCT was observed. At 4 mo- 
nths after the gonadectomy, the glands cha- 
nged remarkably, resembling those of males. 

The X zone, Which is in the innermost re- 
gion of the adrenal cortex, and is thought 
to be concerned with a production of adre- 
mal androgens, became thinner with aging in 
control females. In contrast, the X zone of 
Ovariectomized mice was thicker than those 
of controls at any time after the oparation. 

These observations suggest that the ab- 
sence of gonadal androgens may induce the 
prolonged activity of X zone cells in the 
adrenal cortex, and that hormones which are 
secreted by X zone cells may cause the mas-~ 
culinization of the submandibular glands 
after the ovariectomy. 


EN 80 

EXOCYTOTIC GRANULE RELEASE FROM CHROMAFFIN 
CELLS AND NERVE TERMINALS IN THE RAT 
ADRENAL MEDULLA 

Y.Endo and S.Kobayashi, Dept. of Anat., 
Yamanashi Medical School, Yamanashi 


The adrenal medulla is an excellent 
organ to study the functional relationship 
between neurons and paraneurons. The chro- 
maffin cells which contain catecholamines 
and enkephalin are heavily innervated by 
the splanchnic nerves which contain acetyl- 
choline and enkephalin. 

Using a method of tannic acid - glu- 
taraldehyde - osmium tetroxide fixation, 
we demonstrated ultrastructurally the exo- 
cytotic granule release from chromaffin 
cells and nerve terminals in the rat 
adrenal medulla. There were characteristic 
omega figures indicative of the extrusion 
of granule contents in the chromaffin 
cells. There were also the coated pits 
indicative of the later exocytotic process 
and the membrane recycling. In the 
splanchnic nerve terminals which have a 
synaptic contact with the chromaffin cells, 
there were many omega figures of the small 
clear vesicles and the coated pits, 
suggestive of vigorous secretion. Occa- 
sionally, the coated pits were also present 
in the postsynaptic site of chromaffin 
cell. This fact suggests the possibility 
that the exocytosis may occur in the 
postsynaptic site of chromaffin cell. 
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DOPAMINE AND SEROTONIN IN THE REGULATION OF 
PITUITARY PARS INTERMEDIA HORMONE SECRETION 
IN THE MOUSE: A MORPHOMETRIC STUDY. 

Y. Kobayashi and N. Nakanishi, Dept. Biol., 
Fac. Sci., Okayama Univ., Okayama. 


In order to produce cellular hypersecre- 
tion of the pituitary pars intermedia which 
is under dopaminergic tonic inhibition by 
the arcuate nucleus of the hypothalamus, 
haloperidol (5mg/kg) and 5-hydroxytryptophan 
(5-HTP, 25mg/kg) were administered singly 
or in combination for 10 days to adult male 
mice pre-treated neonatally with monosodium 
glutamate(MSG, 4mg/g BW) at 3, 5 and 7 days 
of age to induce destructive lesions in the 
arcuate nucleus of the hypothalamus. Secre- 
tory activity in cells of the pars inter- 
media was analysed by ultrastructural mor- 
phometry on the r-ER, Golgi apparatus and 
cytoplasmic secretory granules. 

Neonatal MSG-treatment was found to in- 
crease the secretory activity of the pars 
intermedia cells at 9 weeks of age. 
Additive administration of haloperidol was 
effective to show more significant high 
activity than that of the MSG-treatment. 
The effect of 5-HTP was approximately simi- 
lar to that of haloperidol. On the other 
hand, haloperidol and 5-HTP in combination 
showed non-significant increments in secre- 
tory activity comparing to those of single 
treatment, respectively. These results sug- 
gest the existence of serotonergic stimula- 
tion in the pars intermedia besides the 
established dopaminergic neural inhibition. 
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CHANGES IN THE HYPOTHALAMUS AND PROLACTIN 
CELLS OF THE AGED RATS BY L-DOPA TREATMENT. 
To) ohinkad sand) oH. Ookan Dept. mor es LO)ltan, 


Tokyo Metropol. Inst. of Gerontol., Tokyo. 


Prolactin cells in adenohypophysis of the 
mature (7 mo.) and aged (26 mo.) Wistar rats 
could be classified into three types by elec- 
tron microscopic analysis of immunocytochem- 
ical stain. The type-l had the smallest 
secretory granules which were spherical and 
100-150nm in diameter. Secretory granules 
of the type-2 were spherical or elliptical 
ana 250-350nm in diameter, but occasionally 
contained irregular-shaped granules. The 
type-3 had well developed rough endoplasmic 
reticulum and Golgi apparatus. Most of the 
secretory granules were irregular forms and 
550-800nm in major axis. The type-3 was 
observed more frequently in the mature than 
the aged. 

After L-DOPA treatment, amount of dopamine 
and DOPAC in hypothalamus of the aged were 
measured. Dopamine increased slightly by 
L-DOPA treatment. DOPAC could not be de- 
tected in control, but remarkably increased 
by treatment. 

Ultrastructurally, the number of the type- 
l and-2 increased while the type-3 decreased 
in the aged by treatment. A tendency to 
increase inthe type-1 and -2 was more notable 
in female rats. Cytoplasm of the type-1l 
and -2 filled with secretory granules. 

It appears that the type-3 is more active 
than the type-l and -2, and also prolactin 
concentration is related to increase in num- 
ber of the type-1l and -2 in the aged. 
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AGE-RELATED CHANGES IN HYPOTHALAMIC NEURON 
SIZES AND PLASMA GONADOTROPIN LEVELS IN 
MALE MICE FOLLOWING CASTRATION. 

C. Maebayashi, T. Machida and S. Kawashima. 
“Ol, WinSie,, WAG, OI SGilo, kixosginaima Wm? . 
Hiroshima. 


Effects of bilateral or unilateral cas- 
tration on hypothalamic neuron sizes and 
plasma gonadotropin titers were examined 
in male CD-1l mice of various ages. Sizes 
of the cell body and the nucleus of neurons 
in the preoptic area as well as in the ven- 
tromedial and the arcuate nuclei were de- 
creased one or 3 weeks after castration in 
2-month-old mice, while in 8- and 1/-month- 
old animals no significant changes were de- 
tected. Hemicastration resulted in slight 
enlargement of cell bodies and nuclei of 
hypothalamic neurons. On the other hand, 
bilateral castration caused an increase in 
plasma titers of LH and FSH, while hemicas- 
tration selectively increased plasma FSH 
level in male mice. No significant age dif- 
ferences were found in elevation of plasma 
LH and FSH levels following bilateral cas- 
EDdELOM LheSeCm Ee Stes) slndiicalte: sthiatem mallee 
though postcastration rise in plasma LH and 
FSH levels is not age dependent, morpholog- 
ical responsiveness of hypothalamic neurons 
to bilateral on unilateral castration dit- 
fers among different ages. The findings 
that hemicastration caused an increase in 
plasiia SE SHe sitet spilt td mot selevace mien 
level fail to explain the mechanism of com- 
pensatory growth of the remaining testis 
following hemicastration in mice. 
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ESTROGEN DEPENDENCE OF VAGINAL ADENOSIS-— 
LIKE LESIONS AND UTERINE METAPLASIA IN 
MICE EXPOSED PRENATALLY TO DIETHYLSTIL- 
BESTROL (DES). T. Takei, T. Iguchi, M. 
Takase’ and N. Takasugi, Dept. Biol. 
Yokohama City Univ., Yokohama 236 and 
‘Dept. Zool. Hiroshima Univ., Hiroshima 730 
High incidences of vaginal adenosis-like 
lesions (ADL, 67%) and uterine metaplasia 
(UM, 100%) were found in 30-day-old of£f- 
spring (DES mice) of ICR/JCL mice given 4 
daily s.c. injections (inj.) of 2,000 ug 
DES from days 15 to 18 of gestation. ADL 
and UM were formed at ages of 15 and 20 
days (d.), respectively. DES mice and the 
controls were ovariectomized at 10 d. and 
given’ 5 daily s.c. Gngi- ‘Of fl Oia el One ne meee, 
10-*, or 1 wg 178-estradiol (E,) starting 
at 25 d. Mice were killed at 30 d. ADL 
and UM were never observed in control mice 
given prepubertal (pr.) inj. of any E, 
doses. A high incidence (63-100%) of ADL 
was observed in vaginal fornix and upper 
vagina of DES mice given pr. inj. of 10°°-1 
ug E,/ad., whereas null or low incidence (25 
%) of ADL was found in control and DES mice 
given pr. inj. of oll vehicle ogsl0mamgusary, 
d. Mitotic figures were 
found in the epithelium with ADL; rate of 
ADL was lower than in the stratified epi- 
thelium. UM was encountered at 44-70%, 203 
and 0% in DES mice given pr. inj. of 10s; 
on 1 ig, VOn 2g) and Lower Chantel Omeaicueeny aces, 
respectively. It is likely, therefore, 
that ovarian estrogen is strongly involved 
in induction of ADL and UM in DES mice. 
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FREQUENT OCCURRENCE OF POLYOVULAR FOLLICLES 
IN OVARIES OF MICE EXPOSED NEONATALLY TO 
DIETHYLSTILBESTROL. Ti. igucha,) Ne talkedsugea, 
H.A. Bern! and K.T. Mills'. Dept. Biol., 
Yokohama City Univ., Yokohama 236 and 

Dept. Zool. & Cancer Res. Lab-7 Unive 
California, Berkeley, CA 94720, U.S.A. 


The occurrence of polyovular follicles 
(PF) was examined at 10-34 days of age in 
the ovaries of BALB/cCrgl and C57BL/Tw 
female mice given 5 daily injections of | 
various sex hormones from the day of birth. 
Ovaries of 30-day-old C57BL mice given 5 
daily anjectrons of I Wg DES Ws Gargtamcurcis 
3-25 days of age were also examined. 

The incidence of PF containing 2 or more 
oocytes/follicle and the number of mice 
showing PF were significantly greater in 
BALB/c mice receiving injections of 0.1=2 
We DAS, AOO Me) 25 US7 mej uiHe cincel 20 wg TV, 
bute not 20 ito S5a-DHT in DES St isediee Gmamibmecr 
the incidence of PF (2-13 oocytes/follicle) 
was 120-340 times higher than in controls. 
T, P and HPC resulted in PF (2-4 oocytes) 
3- to 6-fold higher than in controls. 

Fifty wo T, 20 ug E, and 1 »wg DES also 
increased PF incidence in C57BL mice. 

Pacey [ne Fem Ce SS— Dsl CAUSSC] m© sane Sase 
in PF incidence. PF incidence was signif- 
icantly increased only with neonatal DES 
begun on days 0 to 3, but was reduced when 
the injections were started later (days 10- 
25). In neonatally DES-exposed C57BL mice 
aged 10-30 days, PF incidence was signifi- 
cantly higher than in age-matched controls. 
(Partly supported by NIH grant CA 05388) 
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PG SYNTHETASE ACTIVITY IN THE RAT ENDO- 
METRIUM WITH REFERENCE TO DECIDUAL CELL 
REACTION (DCR). 

MeeeGhneae. Dept.: of Biol., Schi. of Gen. 
BOGLne LOCtOri Univ.,- Tottori. 


Histochemical localization of the PG 
synthetase, cyclooxygenase, was examined 
in ovariectomized adult rats treated with 
Ovarian hormones and subjected to decid- 
uogenic stimuli. Incubation of uterine 
sections from those given progesterone 
(P), with arachidonic acid and DAB pro- 
duced a positive staining reaction in 
epithelial but not stromal cells. The 
intensity of the reaction was dependent 
on the dose of P. These findings suggest 
the involvement of P in the endometrial 
PG synthesis by regulating PG synthetase 
activity. DCR following traumatization 
or oil instillation was closely related 
to the PG synthetase activity in the endo- 
metrium. If the enzyme activity in the 
endometrium was low following low doses 
of P, DCR failed to occur, regardless of 
doses of estrogen (E) mimicking the nida- 
tory surge E. However, DCR responses to 
oil instillation were different in inten- 
sity, according to dose of E, although E 
was incapable of altering the P-induced 
enzyme activity in the endometrium. In 
this case, E appears to enhance DCR by 
some mechanism other than the activation 
of PG synthetase. 
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DEVELOPMENT OF PANCREATIC HYPERPLASIA AND 
ADENOMA IN FEMALE SHN MICE RECEIVING ECTO- 
PIC PITUITARY ISOGRAFTS 

T. Mori? and H. Nagasawa”. Zool. Inst., 
Fac. of Sci., Univ. of Tokyo and Exp. 
Anim. Res. Lab., Meiji Univ., Kawasaki. 


Long-term effects on pancreas of ectopic 
pituitary grafting in the pancreas or under 


the renal capsule were studied in female 
SHN mice. The grafting was performed at 

8 weeks of age and all mice were killed at 
10 months of age. 


Hyperprolactinemia induced by the pitui- 


tary grafting resulted in an increase of 


the pancreatic weights mainly due to hyper- 


plastic proliferation of the pancreatic 


acinar glands. Pituitary grafting also in- 


duced an enlargement of the pancreatic 
islets, since the distribution patterns of 


major diameters of islets were significant- 


ly different between the grafted and con- 
trol mice. In addition, islet-cell hyper- 


plasia and adenoma were found in the pitui- 


tary grafted-mice. Hyperplastic nodules 


resembling adenoma of the pancreatic acinar 


cells were also induced by the pituitary 


grafting. The pancreas of mice with pitui- 


tary grafts frequently showed an adhesion 
with uterus, ovary and other organs, some 


of which further invaded into these organs. 


This implies that excessive proliferation 
of acinar cells are responsible for the 
occurrence of such adhesion. The present 


findings indicate the participation of pro- 


lactin in the pancreatic tumorigenesis. 
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EFFECTS OF SIMULTANEOUSLY INFUSED SLEEP 
SUBSTANCES ON NOCTURNAL SLEEP IN RATS. 

M. Kimura, K. Honda, Y. Okano, Y. Komoda 
and S. Inoué. Inst. for Med. Dent. Eng., 
Tokyo Med. Dent. Univ., Tokyo 
Delta-Sleep-inducing peptide (DSIP, P| 
nmol), muramyl dipeptide (MDP, 2 nmol) and 
uridine (10 pmol) are known to induce 
differential excess sleep if nocturnally 
infused into the third ventricle in freely 
moving rats. A 10-h simultaneous infusion 
of two out of the three substances was 
performed in this study. DSIP combined 


with MDP exerted entirely no 
sleep-inducing effect as compared to the 
baseline. DSIP combined with uridine 


resulted in a little change in sleep 
parameters, although the total amounts of 
both slow wave sleep (SWS) and paradoxical 
sleep (PS) were slightly increased in the 


dark period. The combination of MDP and 
uridine caused a significant increase in 
both SWSr and! PS. However, the total 


increments of neither SWS nor PS in the 
dark period reached the level of those 
occurring under the individual infusion. 
The time-course changes in sleep amounts 
were not exactly same as those under the 


individual administration. Thus, the 
combined administation of sleep substances 
caused a mutual interference in their 


sleep-promoting property, suggesting the 
existence of an interacting regulatory 
mechanism. 
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EFFECTS OF PHOTOPERIOD AND TEMPERATURE ON 
THE BODY WEIGHT AND VARIOUS TISSUE AND 
ORGAN WEIGHTS IN THE DJUNGARTAN HAMSTER . 
#. ,Masuda 7) het TSULEUL. eG... OehE 

*“Dept of Biol., Nara Women's Univ., 
Nara, Dept. of Zool., Univ. of Hiroshi- 
ma, Hiroshima 


We reported previously that the annual 
cycle of body weight in the Djungarian 
hamster is regulated mainly by photoperi- 
od. In this report, we tried to analyze 
the body weight change more precisely by 
measuring various tissue and organ weigh- 
ts. Hamsters were maintained for 8 weeks 
under four conditions with different 
combinations of photoperiod and tempera- 
ture, i.e., long photoperiod and high 
temperature, long photoperiod and low tem- 
perature, short photoperiod and high tem- 
perature, and short photoperiod and low 
temperature. Significant reduction in the 
body weight under short photoperiod was 
observed both in high and low temperature. 
Almost all the tissues and organs 
measured indicated reduction in their 
weights, suggesting that the body weight 
change in the Djungarian hamster is 
induced not by a change in only one organ 
or tissue such as the adipose tissue, but 
by an additive change of almost all the 
tissues and organs in the body. Main 
tissues and organs which contribute to 
the body weight change are the testis, 
muscle and bone, adipose tissue and liver. 
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VASODILATORY EFFECTS OF A NOVEL PUTATIVE 
HORMONE, ATRIAL NATRIURETIC POLYPEPTIDE. 
Y.Kobayashi and K.Hattori. Dept. of 
Pharmacol., Shimane Medical Univ., Izumo. 


Vasodilatory mechanism of synthetic @ rat 
atrial natriuretic polypeptide (rANP) on 
arterial strips was investigated. 
(Methods) Contraction of helical strips of 
arteries from Wistar rats was measured 
isometrically. (Results) 1. Dose-depend- 
ent vasorelaxation by rANP was observed in 
strips of mesenteric, pulmonary, renal and 
femoral arteries and thoracic aorta (TA), 
pre-contracted with prostaglandin F,, (PG 
Fi.~). A regional difference on response 
was observed and ED for renal artery was 
the lowest. 2. Dos@é-dependent contraction 
of TA induced by noradrenaline, serotonin 
and angiotensin II was inhibited by rANP 
(100 ng/ml) in a non-competitive manner. 
ee dependent contraction induced by PGF oy1 
and Ca was also inhibited. Thesé 
eeenie suggest that effects of rANP was 
not specific to any contractile, stimulants. 
3. A model experiment using Ca free-EGTA 
buffer suggested that inhibition of vaso- 
contraction was mediated through the intra- 
cellular m e¢hanism of contraction, but not 


through Gan influx. 4. This suggestion 
was,confirmed by the inhibition of rANP on 
Ca ionophore (A23187, 10 aM) -induced 


contraction. (Conclusion) Present results 
suggest that vasodilation of rANP was 
mediated through the inhibition of intra- 
cellular mechani sm for contraction probably 
coupling with Ca 
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MELANIN-CONCENTRATING HORMONE-LIKE 
IMMUNOREACTIVITY IN THE HYPOTHALAMUS. 


N.Naito’, I.Kawazoe*, Y.Nakai’ 
H.Kawauchi’* &@ T.Hirano’ *Dept.of Anat. 
Showa Univ.Sch.of Med., Tokyo., ?Sch.of 
Push soCi.),) kahtedsiat On Umavsey i lawaiteeien 
*Ocean Res.Inst., Univ.of Tokyo, Tokyo. 


Melanin-concentrating hormone (MCH) 
which stimulates melanin aggregation in 
teleost melanophores is a neuropeptide 
produced in the ventral hypothalamus of 
teleost fishes. Recently, MCH-bio- 
activity has also been found in the rat 
hypothalamus. In the present study, to 
examined whether MCH-like material is 
present in the rat hypothalamus, we 
tested for immunoreactivity '’for MCH by 
radioimmunoassay and immunocytochemistry 
using the specific antiserum against 
synthetic salmon MCH. In addition to 
MCH-like bioactivity, MCH-like immuno- 
reactivity could be detected in crude 
extracts of the rat hypothalamus, and 
further the anatomical distribution of 
MCH-like immunoreactive material (MCH- 
LIM) was revealed in neurons located in 
the dorsolateral hypothalamus. The 
immunostaining pattern of MCH-LIM appears 
to be different from those of any other 
neuropeptides demonstrated in the rat 
hypothalamus. This finding suggests that 
MCH-LIM may be an unknown neuro peptide 
in the rat brain. 
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CHANGES IN VASOPRESSIN (AVP) AND OXYTOCIN 
(OXT) mRNA LEVELS IN THE RAT HYPOTHALAMUS 
BY ORAL HYPERTONIC SALINE 

M. Fujiwara>, S. Hyodo=, Mo Satomuand 

A. Urano*. “Dept. of regulat. Balodi eae 
of Sci., Univ. of Saitama, Urawa, *Tokyo 
Res. Lab., Kyowa Hakko Kogyo Co., Machida. 


An in situ hybridization and immuno- 
histochemical methods were applied to 
detect cytological changes in the hypo- 
thalamic neurosecretory neurons of rat 
following various period of oral hyper- 
tonic saline. In the supraoptic (SON) and 
paraventricular (PVN) nuclei, autoradio- 
graphic silver grains of AVP and OXT 
probes were localized over the loci 
occupied by AVP- and OXT-immunoreactive 
neurons respectively. Decrease in AVP 
immunoreactivity was first detected in the 
SON 4 days after the onset of drinking 
Saline, and later’) in the PVN by Wthedaye 
Magnitudes of autoradiographic signals of 
SON increased markedly by 4- and 7-day 
treatment, while those of PVN increased 
only moderately in 7-day treated rats. 
OXT mRNA levels were little affected by 
drinking hypertonic saline. 

These results suggest that the vaso- 
pressinergic SON neruons may be more 
responsible than the PVN neurons in 
osmotic regulation. 
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HISTOCHEMICAL STUDIES OF ARGININE VASOPRES- 
SIN-PRODUCING NEURONS IN FETAL MICE. 

T. Yamashita, K. Kawamoto and S. Kawashima. 
Zoological Institute, Faculty of Science, Hiroshima 
University, Hiroshima. 


The development of arginine vasopressin (AVP)- 
producing neurons in fetal mice of the C57BL/6NCrj 
strain was immunohistochemically investigated using 
anti-AVP serum, anti-rabbit IgG serum and peroxidase 
anti-peroxidase complex. AVP immunoreactivity was at 
first detected on day 15 of fetal life in the supraoptic 
nucleus (SON), the median eminence and the peripheral 
region of the pars nervosa (PN). In the paraventricular 
nucleus (PVN), AVP immunoreactivity appeared on day 
16. The number of AVP immunoreactive neurons in the 
SON rapidly increased between day 16 and 17. In the 
principal part of the SON, AVP immunoreactive neurons 
were more frequently encountered in the anterior re- 
gion than the posterior region throughout the fetal life. 
On day 15 the PN was surrounded by blood vessels, 
which then penetrated to the PN on day 16. The blood 
vessels formed a well-developed network in the PN on 
day 18. The acetylcholinesterase activity in the SON 
and PVN was detected as early as on day 14. 

These results suggest that the hypothalamo-neuro- 
hypophyseal system in mice completes its AVP-synthe- 
sizing and -secreting function before birth. In addition, 
almost simultaneous development of AVP production 
and acetylcholinesterase activity in the SON and PVN 
may indicate a close relationship between the cholin- 
ergic innervation to AVP neurons and the cytodiffer- 
entiation of AVP neurons. Oxytocin-immunoreactive 
neurons were not detected in the hypothalamo-neuro- 
hypophyseal system during fetal life in mice. 
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PLASTICITY OF NEUROHYPOPHYSEAL HORMONE- 
PRODUCING NEURONS IN HYPOPHYSECTOMIZED 
IMMATURE RATS. 
K. Kawamoto and S. Kawashima 
fogne fost. , Fac, Sci,, Hiroshima Univ. , 
iroshi 

The plasticity of vasopressin(VP)- and 
oxytocin(OT)-producing neurons was examined 
immunohistochemically by the avidine-biotin 
(ABC) method. Wistar/Tw rats were hypophy- 
sectomized (hypox) at 9, 16, 23, 30 and 90 
days of age, and sacrificed 10 days later. 
Neither VP nor glucocorticoid administra- 
tion affected the deposition of VP- and OT- 
immunoreactive material in the external 
layer of the median eminence (ME) of hypox 
90-day-old rats, VP and OT immunoreactivi- 
ties were stronger in hypox immature rats 
than’ hypox adult (90 days of age) rats, 
although the age-related changes in immuno- 
reactivity were more conspicuous for VP 
than OT. Marked reduction after hypox in 
the number of both VP and OT neurons was 
detected in the supraoptic and paraventric- 
ular nuclei in all age groups, but the 
reduction was slightly more pronounced in 
adult rats than immature rats. Hypox sig- 
nificantly reduced the cell body size of VP 
and OT neurons in adult rats, but VP and OT 
neurons in immature rats became signifi- 
cantly larger after hypox than those in the 
initial controls. These results indicate 
that the stronger immunoreactivity of the 
ME after hypox in immature rats than adult 
rats was due to the difference in the rate 
of synthesis of these hormones. 


EN 95 


THE ROLE OF PROGESTERONE IN OVARIAN TERA- 
TOCARCINOGENESIS IN LT/Sv STRAIN MICE. 

M. Noguchi, K. Sakurai, and H. Katayama. 
Baok. Anst., Fac. of Sci., Shizuoka Univ., 
Shizuoka. 

Ovarian teratomas in LT/Sv mice are o- 
riginated from parthenogenetically acti- 
vated oocytes in ovarian follicles. We ob- 
served that some of parthenotes develop to 
blastocysts in pre-ovulatory ovaries, 
whereas a few blastocysts attach to and in- 
vade follicular tissues ("ovarian implant- 
ation") and develop to teratomas in the o- 
varies with corpora lutea (CL) which were 
induced by normal ovulation or PMSG-HCG 
treatment in pre-ovulatory females. Also, 
no teratomas and no CL were recognizable in 
Ovaries grafted to normal males. Then, in 
order to analyse the role of CL in terato- 
carcinogenesis, we examined the effect of 
progesterone and/or estrogen on the inci- 
dence of teratomas in pre-ovulatory female. 
The results showed that progesterone (lmd/ 
day/mouse, 1-2 days) promoted not the acti- 
vation of oocytes but "ovarian implantation 
of blastocysts” and teratomas, whrereas 
estrogen or solvent treatment did not pro- 
mote any incidences. Thus, the data sug- 
gested that the mechanism of “ovarian im- 
Plantation” in teratocarcinogenesis is very 
Similar to that of normal implantation in 
uterus. Supported by a Grant-in-Aid for 
Special Project Research and Cancer Re- 
search-from the Ministry of Education, Sci- 
ence and Culture of Japan (Project NO. 
60105001 and 60010074). 
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CHANGES IN AFFINITY OF TESTICULAR FSH 
RECEPTORS DURING FETAL LIFE IN RATS, 

K. Tsutsui and S. Kawashima 

Zoological Institute, Faculty of Science, 
Hiroshima University, Hiroshima, 


The analyses of testicular FSH receptors 
during fetal life in rodents have not 
thorougnly been carried out, mainly due to 
small amount of tissues available, In the 
present study, the developmental change of 
FSH receptors in fetal rat testes was cla- 
rified by means of micro-radioreceptor as- 
say. FSH binding was very low, if any, on 
15.5 days of gestation. From 17,5 days of 
gestation onward,FSH binding was measurable 
in the testis and was effectively displaced 
by rat FSH. The Scatchard plots of FSH 
binding data gave straight lines in fetal 
and neonatal rat testes, The equilibrium 
constant of dissociation (Kd) in 17 5-day 
fetuses was 0.41+0.04 nM, which was signfi- 
cantly larger than those in neonatal and 
young adult rats, The Kd in 19.5-day fe- 
tuses tended to approach the values in neo- 
natal and young adult rats. The total num- 
ber of FSH binding sites was 0,51+0.01 fmol 
/testis in 17.5-day fetuses, A significant 
increase in FSH binding sites occurred on 
19.5 days of gestation and continued during 
postnatal period, The present findings show 
that testicular FSH receptors first appear 
on 17.5 days of gestation in the rat, and 
that the affinity is low at the beginning 
of receptor appearance and high affinity 
ipa ie become apparent a few days before 
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EFFECTS OF HYPOPHYSECTOMY ON TESTICULAR FSH 
AND LH BINDINGS AND CYCLIC AMP RESPONSE TO 
FSH AND LH IN MICE, 

S. Kawashima, A. Shimizu and K. Tsutsui 
Zoological Institute, Faculty of Science, 
Hiroshima University, Hiroshima. 


We have recently found in mice of the 
C57BL/6NCrj strain that the number of tes- 
ticular FSH binding sites reached a peak at 
10-20 days of age, but it decreased after 
puberty, and further that hypophysectomy of 
adult mice induced an increase in the num- 
ber of FSH binding sites. In contrast, hy- 
pophysectomy induced a drastic decrease in 
the number of LH binding sites. Ten daily 
injections of FSH (50 pg NIH-FSH-P-2) to 
hypophysectomized mice reduced the number 
of FSH binding sites but tended to increase 
LH receptors. Following these observations, 
testicular responsiveness to FSH and LH was 
verified by the accumulation of cAMP in the 
incubated testicular pieces. The accumula- 
tion of cAMP was higher in 18-day-old mice 
than 80-day-old animals. The testicular re- 
sponse to FSH markedly increased 14 days 
after hypophysectomy. While, hypophysectomy 
decreased the response to LH, These results 
together with histoquantitative analysis 
of the testis indicate that the stimulation 
of testicular response to FSH by hypophy- 
sectomy is due to the increase in the den- 
sity of FSH binding sites per Sertoli cell, 
rather than the increase in Sertoli cell 
density. To conclude, the downregulation of 
FSH receptors may bring forth a lowered re- 
sponsiveness to FSH in adult mouse testes. 
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INTERNALIZATION AND DEGRADATION OF !3!]-FSH 
IN MOUSE TESTIS SERTOLI CELLS. 

A. Shimizu, K. Tsutsui and S. Kawashima. 

Zool. Inst., Fac. of Sci., Hiroshima Univ., Hiroshima. 


We have previously reported the existence of inter- 
nalization of ! l!_FSH bound to membrane receptors in 
Sertoli cells in C57BL/6NCrj mice by means of electron 
microscopic autoradiography. The accumulation of silver 
grains was found on lysosomes. In order to show the 
detailed process of internalization of 311_-FSH and 
whether the degradation of I-FSH occurs in lyso- 
somes or not, we have analyzed the movement of 131y_ 
FSH bound to cell surface receptors using serum-free 
Sertoli cell enriched culture. Sertoli cells were incu- 
bated with I-FSH, and radioactivities associated with 
Sertoli cells were separated into 'degraded' (trichloro- 
acetic acid soluble) fraction released into the medium 
during postincubation cold chase and solubilized by TCA, 
"surface' fraction released from the cells by acid treat- 
ment, and '‘internalized' fraction which was resistant to 
acid treatment. When cold chase was performed either 
at 4°C or 32°C, 'surface'’ radioactivity decreased rapid- 
ly until 20 min followed by gradual decrease at longer 
cold chase. Inversely, 'internalized' radioactivity was 
increased until 20 min and then showed a plateau at 
4°C or a decrease at 32°C. On the other hand, 'de- 
graded' radioactivity was almost constantly null at 4°C, 
but at, 32°C it was zero until 5 min and increased 
after longer cold chase. When Sertoli cells were incu- 
bated at 32°C with lysosomotropic reagents, NH4Cl or 
chloroquine, 'degraded' radioactivity significantly sup- 
pressed. These gate support our previous observations 
and suggest that 311_FSH was at first bound to cell 
surface receptors and then internalized into the cyto- 
plasm and degraded in the lysosomes. 
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CHANGES IN THE ISOELECTRIC FOCUSING PROFILE 
OF PITUITARY LUTEINIZING HORMONE DURING 
MENSTRUAL CYCLE IN CYNOMOLGUS MONKEYS. 


T. Yoshida! ,k.Suzuki-,F.Cho- and $.Honjo 


Itsukuba Primate Center for Medical Science 


No iEglal, ehacl The COIMPOOIPAGILOM OIC PiPoOCcuUCewLOM 


and Recearch of Laboratory Primates, 
Tsukuba-gun. 


tsoelectrofocusing (IEF) profilles of 
luteinizing hormone (LH) were studied with 
extracts of pituitary glands from 6 female 
cynomolgus monkeys (Macaca fascicularis) 
with different phases of the cycle. 

Individual extracts of anterior pituita- 
ry glands were fractionated by IEF in 
Sucrose dencity gradient using a 27-ml 
mini-column. The pH gradient was produced 
by the use of 3% ampholytes (Ampholine; 
LKB Produkter) in INE joisl igen O11 2.5 wO 10. 
The LH present in the individual IEF frac-— 
tions was determined by the radioreceptor 
assay using rat’s testicular Leydig cell 
preparation as a receptor fraction. 

Although the bulk of LH was recovered in 
the alkaline reagion (pH 7.1 to 9.1), the 
highly alkaline LH components (pH 9.1 to 
9.8) were observed during the period from 
the late-luteal phase (day 26 and 30 of 
cycle) to the early-follicular phase (day 4 
of cycle). The present study demonstrates 
that the relative amounts of components of 
pituitary LH change with the change in 
phase of the menstrual cycle. 


HO 

ELECTRON MICROSCOPIC STUDY ON THE GEMMULE 
COAT FORMATION IN FRESHWATER SPONGES. 
Y.Masuda. Dept) of  Bilol., | KawalsalkgeiMerds 
SEIMOOI 5 MeHeevs loses. 


The gemmule coat formations of spongilla 
lacustris, Radiospongilla crateriformis and 
Eunapius  fragailaisi\ were obsienvedeiibyammanc 
transmission and scanning electron micro- 
scope. Although the mature middie Wayer ox 
S.lacustris consisted of many alveoli alone 
and. that of R-.cratemitonmalssconsmsisccmmens 
reticulate fibers alone, jee nkmiaspnaesmeiese 
spongocytes’ resembled each othei as sommebic 
basal’ infranuclear region, (ithesicmmceles 
exhibited a local accumulation io ea genera 
endoplasmic reticulum. In the supranuclear 
region, many lateral membrane invaginations 
were observed. Inside of invagination, some 
swelling of membranes) as Vapoemimecmmsicehe. 
tions) were observed. ihe) matunouemeacddslic 
layer of E7- fragilis consisted mompneemeuilamc 
fibers and Pmanyival veoli ihe amdaasrcinan 
alveolus was a low hexagonal prism. Several 
interconnecting pores of the alveolus were 
seen on the upper and lower swale bueno 
on the side) walls By esityalenemere Sasnmmerecteke. 
ing method, a withdrawing process through a 
pore, of | newly  ) formed) ) uppers lalercs 
obsicmveds 
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THE ENDOCRINE CONTROL SYSTEM ABOUT THE 
SEXUAL GROWTH IN THE SLUG:LIMAX MARGINATUS, 
IN VITRO CULTURE OF THE HERMAPHRODITIC 

GLAND AND THE COMMON DUCT ,II 

N. Seo and N, Makino, Dept. of Biol., Tokyo 
Med, Coll., Tokyo, 


The juvenile hermaphroditic gland of the 
slug (Limax marginatus) was cultured with 
its common duct in media containing no slug 
extract and an extract of one of the fol- 
lowing juvenile slug organs ; brain, tenta- 
cle and suboesophageal ganglia, Cultures 
were maintained for 14 — 30 days at 20C° and 
in a gas phase of 95% 02,/5% CO2 using the 
erid method, 

In all explants of hermaphroditic gland, 
female germ cells develoned well, male germ 
cells decreased rapidly in number for 
necrosis of spermatogonia and spermatocytes 
but spermiogenesis before these cultures 
only continued, 

After 30 days, all explants of hermaph- 
roditic gland had various oocytes from 
immature size to mature size, survived male 
germ cells differentiated to spermatocytes 
or spermatids or spermatozoa in media con- 
taining extracts of slug organs, The ex- 
plant in the medium containing extracts of 
suboesophageal ganglia was the best condi- 
tion to the differentiation of male germ 
cells, All explants of common duct moved 
well in media and these epithelial cells of 
male and female parts became taller both, 

The results of these experiments suggest 
that existance of some hormones participate 
in the differentiation of male germ cells, 
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CYTOLOGICAL STUDY ON THE INTESTINAL TISSUE 
IN THE RDPGENERATING LAND PLANARIAN, 
BIPALIUM NOBILE II, 

DEDIFFERENTIATION OF INTESTINAL CELLS, 
Y.Shirasawa and N.Makino,. Dept. of Biol,.. 
Tokyo Med, Coll,, tokyo, 

We have reported about the possibility 
of the dedifferentiation of intestinal 
tissue of the land planarian, Bipalium 
nobile in the former meeting of this soci- 
ety. In this report, further details of 
this problem were discussed in the same 
materials, Light microscope examination of 
saggital semi-thin sections of regenera- 
ting worms, at various times after the 
operations, has shown the process of neo- 
blast-accumulation in the head-formation 
region and electron micrographs of thin 
sections suggest the origins of neoblasts 
in the region, 1-3 days after the opera~ 
tion, intestinal wall, consists of phago- 
cytes, granulocytes and other undifferen- 
tiated cells, stretches near to the wound 
surface at the most anterior portion of 
intestine, Granulocytes in the tissue dis- 
charge the granules, and at last, lose 
most of their cytoplasm, Degranulation of 
RER was also observed in these cells and 
other intestinal cells, Dedifferentiation 
to neoblasts is completed by the transfor- 
mation of nuclei and the production of 
dense bodies, called chromatoid bodies, 
Neoblasts separate from the intestinal 
tissue in order, and move to more anterior 
portion, where the mass of neoblasts is 
formed at 5-7 days after the operation, 
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EXPERIMENTAL RING FORMATION BY PIECES OF 
THE GIANT LAND PLANARIAN;BIPALIUM NOBILE 
AND THE POLARITY OF THEM COMPARED WITH THE 
POLARITY OF THE PERMANENT MAGNET, 

N,Makino and Y,.Shirasawa. Dep. of Biol., 
Tokyo Med,, Coll., Tokyo. 

Authors made rings from pieces of the 
giant land planarian;B,nobile artificially, 
then the polarity of ring disappeared but 
a rotary direction of ring is regular usua- 
lly.The polarity is revived by cutting off 
the ring and the cut position is same in 
every part of ring for its regenerating 
force, This regeneration is match for the 
revived polarity,when the ring magnets are 
cut off in every part of them, In a word, 
the revival of the polarity from the ring 
of the giant land planarian is similar to 
the case of the magnet, The regenerated 
worm can feed on earth worm after 30 days, 

Observing their regeneration, there are 
very interest state of affairs,namely, the 
posterior pvnart from fusion=position of 
opened worm isolated of its own accord and 
that is not the normal fission, because it 
shows the head formation,too late, after 2 
months or it will never regenerate but die 
after all,The case attached the anterior 
part with each other,the head can not form 
and if the two parts isolated after a while 
the part regenerate the head to the front, 

Therefore, authors named"MAGNETLIKE- 
REACTION SYSTEM"theory for the characteris- 
tic of the regeneration in the land plana- 
rian, Perhaps, it has relation to the sti- 
mulus on the cut phase of the worm, 
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BORING SNAIL Leptoconchus striatus Rlppel 
LIVING IN ASSOCIATION WITH SOLITARY CORAL 
Fungia 

H.Yamashiro. Radioisotope Lab., Ryukyu 
Univ., Okinawa. 


In the skeletons of the fungiid corals 
boring snails L. striatus were often 
observed. According to the mode of excava- 
tion, snails can be divided into two types. 

Type A: living with Fungia paumotensis 
,F. scutaria and Polyphyllia talpina. The 
Snail protrudes long siphon upward in the 
right position and most of the snails 
utilize the same pore through which their 
Siphons protrude. 

Type B: living with F. repanda, 

F. concinna and F. scabra. The snail 
protrudes short siphon downward, in the 
inverse position, through a smaller, 
circular pore. Type B snail has more 
compressed shell than type A. 

The snail of type B often moves 
horizontally to the center of the associate 
-d corals as they grow. Several observa- 
tions suggest that most of the snails of 
type A start to excavate from oral side of 
the coral and, in contrast, some of the 
snails of type A excavate from aboral side. 
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THE RELATION BETWEEN THE EYE NUMBER AND THE 
BODY SIZE, AND BETWEEN THE EYE NUMBER AND 
THE AGE IN POLYCELIS SAPPORO. 

M.Aikawa and A.Shimozawa. Dept. of Anat., 
Dokkyo Univ. Sch. of Med., Tochigi. 


The production of cocoons from Polycelis 
sapporo, collected from Tashirotai ( Mt. 
Hakkoda, Aomori-ken ) and cultured at 7°C, 
and the hatching were observed throughout a 
year. The cocoon was spherical ( 1.04+40.19 
mm in diameter ). The juveniles hatched out 

in 61.844+9.32 days. The number of juve- 
niles occured from one cocoon was 6.094#3.91 

The body length of the newly hatched 
juveniles was 2.3640.54mm. The number of 
their eyes was 9.7743.22. 

The correlation between the eye number 

and the body size was better than that 
between the eye number and the age. 


The correlation between x and y. 


x y r N Species 

*Body length Eye number 0.92 500 P.auri. 
**Body length Eye number 0.79 1183 P.sap. 
Body width Eye number 0.79 408 P.sap. 
Age Body width 0.63 408 P.sap. 
Age Eye number 0.58 1183 P.sap. 
Age Body length 0.47 1183 P.sap. 


* y=11.58x-31.04 (Polycelis auriculata 
collected from Nikko 
Tochigi~-ken) 


** y= 5.66x- 2.53 (Polycelis sapporo) 
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FINE STRUCTURE OF BOTRYOIDAL TISSUE 

IN THE LEECHES,HIRUDO MEDICINALIS, 

(2)STUDY ON THE PROSPERITY AND DECAY 

OF GRANULES. 

H,INAMURA ,.DEPT.BIOL.,TOKYO MED.COLL.,TOKYO 
In mature leeches ( 400-700me weight), the 
prosperity and decay of granules of botryo- 
idal tissue(cytoplasm) was examined.It was 
observed that under a stereoscope microsco= 
pes the tissue was glandular and the tissue 
of leeches starved during I80days was bra- 
un atrophie-like,According to electron 
microscopy,granules of three types consist-— 
ed in cytoplasm;typel(Li-granules) was uni- 
form,not clear a limiting membrane and abo- 
ut 0O,5-1.5ym in diameter, type2(L2-granules) 
consisted of many paticles,a limiting mem- 
brane and was about O,5-1.5\m in diameter 
and type3(P-granules)consisted of dense 
bodies, a limiting membrane,was about O,5 
-1,O\lm in diameter.L2-granules had a posi- 
tive reaction foracid phosphatase, 
According to fluorescent microscopy, the 
tissue of leeches starved during I80days 
were distinguished yellow fluorescence 

from fluorescent loss. According to point- 
counting,after Iday of food Li-granules 
were increase,and L2-andP-granules were 
decrease,After I50days of food Li-granules 
were decrease,L2-andP-granules were incre- 
as,After 5days of food,it was observed 

that nucleus was surrounded by ER,It is 
suggest that metabolism is relative to the 
prosperity and decay of granules, 
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ULTRASTRUCTURAL STUDY OF GONADAL DEVELOP- 
MENT IN THE FRESH-WATER LEECH, ERPOBDELLA 
LINEATA II, 

M,.Shirasawa and N.Makino, Dept. of Biol., 
Tokyo Med, Coll., Tokyo. 


The development of annelidal ovaries 
called ovisacs and cytological figures of 
larval female cells were observed electron 
microscopically in the carnivorous fresh- 
water leech, Erpobdella lineata, A paar of 
ovisacs begin to develop on both sides of 
the nerve cord in the 11th segment at 
about a week before hatching, Each anlage 
consists of specific cells with irregular- 
ly shaped nuclei abundant in chromatin, 
Germinal epithelium of the inner sac~wall 
and female cells in the lumen differenti- 
ate from these specific cells at the fol- 
lowing stage. Primordial female cells with 
clear spindle nuclei and large nucleoli 
contain numerous mitochondria, in which 
globular dense inclusions (300-400A diame- 
ter) are observed, Golgi apparatuses are 
also remarkable in these cells and many 
golgi vacuoles are separated from the end 
of the cisternae, In further differentia- 
ted female cells, the intramitochondrial 
inclusions grow to 0,2-0,3 Um diameter and 
are expelled from the mitochondria as mem-— 
brane-covered dense granules, which are 
the principal material of yolk granules in 
oocytes, At 2 weeks after hatching, small 
cells with dark nuclei, the origins of 
nurse cells, were first observed in the 
lumen of ovisacs, 
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FINE STRUCTURE OF ORGANS IN THE BIVALVED 


GASTROPOD, JULIA JAPONICA WITH SPECIAL 
REFFERENCES ON THE MANTLE EDGES, THE GILL, 
THE KIDNEY AND THE OSPHRADIUM, 

T. Yamasu. Div. of Gen. Educ., Univ. of 
Ryukyus, Okinawa. 


Electron microscopy was carried out on 
mantle edge, hinge, gill,kidney and os- 
phradium in a bivalved gastropod. Epithe- 
lial cells of inner surface of the outer 
fold are tall and provided with short 
microvilli(MV), Golgi bodies, abundant 
endoplasmic reticula(ER), dark bodies and 
slender nuclei. Periostracum starts from 
a cell line which lies at the base of the 
fold. Cell membranes are interdigitated 
heavily to) the neighbouring) celts siGmeak 
folds consist of a single layered epithe-— 
lium(SLE),a connective tissue(CT) and 
cavities, Ciliary cells are few. Most epi- 
thelial cells bear only MV. Epithelial cer 
membranes are interdigitated to basement 
membrane (BM). Outer, middle and inner 
folds of the mantle unite into one at the 
hinge region. Epithelial celi's of Gehe@namee 
contain numerous ER. Kidney is separated 
into small lobes. Each lobe consists of a 
SLE, a CT and a cavity. Epithelial cells 
contain dark mitochondria, large vacuoles 
and oblong nuclei. Cell membranes are 
interdigitated to BM. Osphradium consists 
of a SLE, a CT and an osphradial ganglion. 
Three types of the epithelial cells bear 
cilia. Another type of the cells bear only 
MV. A type of the epithelial cells extend 
into osphradial ganglion with a long axon. 
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ULTRASTRUCTURAL OBSERVATIONS ON THE SALI- 
VARY GLAND IN THE LARVAL MONSHIROCHO, 
PIERIS RAPAE CRUCIVORA (LEPIDOPTERA) 
M.Kimura and Y.Oota. loi, liASi¢., ac. 
Oi SCio, Saizmoka Windwo, SiaiZzuoka. 


niga incl SlO©wicoOiMl IMLCHOSCOSILC OloOSeir= 
vations have been made on the morpholog- 
ical changes of the salivary gland in 
Monshirocho during larval stages. Struc-— 
turally, the salivary gland is composed 
of monolayer glandular cells, and can be 
divided into two parts proximal and 
Cisial joeiccSs. Wae wom tS Cuicc eiacl wae 
latter is secretory in nature. At secre- 
tory part, the basal region of glandular 
Celis shows numerous infoldings and 
meee wOlelSs, Mim elleimc lwmem, Waere 18 @ 
thick inner membrane.The surface facing 
the lumen exhibits many microvilli and 
some secretory canaliculi. In late peri- 
Ocl Oi CAC WasSiweieSs, wdimtOlciinmes, Gireait 
folds and inner membrane disappear. At 
the same time, microvilli and canaliculi 
are faded away. These structures are 
reconstructed just after moult in early 
period. Using periodic acid-methenamine 
Silver method, the periodic acid neac— 
tive carbohydrates are demonstrated at 
the surface of inner membrane. After 
pupation, numerous electron-lucent vacu- 
oles are demonstrated in glandular 
CElls., ANoAirt trom wae Chaaszes wm tae 
OQPeeiqulWAeiGwoi Oil CycOQolesimiG SiweMUcwuoss , 
most of the glandular cells survive. 
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SCANNING ELECTRON MICROSCOPIC STUDIES ON 
THE INITIATION OF ENCAPSULATION IN SAMIA 
CYNTHIA RICINI. 

Sie Takahashi. Dept. of Biol., Nara 
Women's Univ., Nara. 

Initial reactions of encapsulation were 
studied in the saturniid, Samia cynthia 
ricini by scanning electron microscopy 
(SEM). A small piece of cellulose acetate 
membrane was used as a foreign object. It 
was implanted into each full-grown larva 
at 25°C. The implants’ were carefully 
retrieved at one minute intervals after 
implantation. They were fixed with 1.58% 
glutaraldehyde and 1.5% tannic acid in 
0.1M cacodylate buffer,and processed by 
SEM techniques. 

Encapsulation began with the attachment 
of granulocytes to the implant. The cells 
were immediately lysed and released small 
granules. Simultaneously to it, plasma 
coagulation occurred. The coagulum 
consisted of fine fibrillar meshwork. 
Granulocytes were lysed on the meshwork. 
About 5 minutes after implantation, it 
was observed many plasmatocytes attaching 
to the meshwork. They were selectively 
adhesive to the cytoskeleton of the lysed 
cells and stretched cytoplasmic processes 
each other. The present study reveals that 
the first step in encapsulation is’ the 
formation of the extracellular matrix, the 
basement membrane. It is of interest that 
granulocytes were lysed even on the 
fibrillar meshwork. 
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A HISTOLOGICAL STUDY ON THE NERVE INNERVA- 
TION IN THE BARBEL AND ROOT OF BARBEL OF 
JAPANESE CATFISHES. 

H. Ishihara. Biolog. Lab., Fac. of Sci. & 
Engineer., Aoyama Gakuin Univ., Tokyo. 


The morphology of nerve innervation and 
nerve endings in the barbel and root of 
barbel of Japanese catfishes was investi- 
gation according to the silver impregna- 
tion method devised the present author. 

Barbel: The bundles originated from cra- 
nial nerve which was distributed over the 
inside of barbels. After repeated ram- 
ification, the nerve bundles finally came 
to form neurofibrils and their entering 
into pore of epithelium was observed. 
Further, the nerve bundles were covered 
with neuroplasmmass containing nuclei 
which scattered here and there. 
Frequently, some argentophile nerve fiber 
thick in structure were found in the bun- 
dles. 

Root of barbel: The nerve bundles bran- 

ching from spinal nerves running in col- 
lgmous fibrillar connective tissue were de- 
tected. After repeated ramification, it 
was observed that the nerve bundles trans- 
form thinner nerve fiber In the branch- 
ing part of nerve bundles there occored 2 
to 3 nuclear aggregation. The nerve bun- 
dles were observed with neuroplasmmass. 
In swelling nerve point of the thick nerve 
was observed non-staind center. Terminal 
nerve ending was existed in the epitheli- 
um. 
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DO THE HAGFISH FERTILIZE EGGS EXTERNALLY? 
K. Tsuneki, A. Suzuki and M. Ouji. Dept. 
of Biol., Shimane Univ., Matsue 


The hagfish, Eptatretus burgeri, breed 
between late September and early October. 


Before the breeding time (spring and summer 
), the cloacal gland of males is much larg- 
er than that of females. After the breed- 
ing time (late autumn and winter), there is 
no sex difference in the size of the cloa- 
cal gland. The cloacal gland is histolog- 
ically very similar to the slime glands 
which are arranged bilaterally. Gametes 
are released outside through the cloacal 
gland. Therefore, sperm may be released 

as a slimy mass (spermatophore?). In the 
cloacal gland of females collected shortly 
after the breeding time, there are many 
pycnotic cells which may represent degener- 
ating sperm. Such pycnotic cells are not 
found in the cloacal gland of females col- 
lected in the other seasons. 

It is generally believed that the hag- 
fish fertilize eggs externally. However, 
eggs are large in size (more than 20 mm), 

a brood is relatively small in number ( 

about 30 to 40), and sperm are not abundant 
even around the breeding time. These facts 
, together with the present observations on 
the cloacal gland, may favor the possibili- 
ty of internal fertilization in the hagfish. 
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MODIFICATION OF SOME CARP BRAIN GUSTATORY 
CENTERS BY DOMESTICATION 

Y. Sato, Dept. of Anat., Yokohama City 
Univ., Yokohama 


The vagal, oh V8 pppoe bd ey and 
facial lobes are highly evolved primary 
gustatory centers in the dorsal medulla 
in the carp. These centers were studied 
macroscopically and microscopically in 
four domestic carp varieties, and 
compared with those of wild carp. The 
vagal lobe can be divided into 16 layers, 
of which the superficial 11 are the 
sensory layers. The sensory laminal 
pattern of the Nishiki-goi is as well 
developed as that of wild carp. The 
thickness of the sensory zone (layers IV- 
XI) in proportion to the whole of the 
sensory layers is greater in both wild 
carp and Nishiki-goi than in the 3 other 
varieties. In the Yamato-goi and German 
scaly carp the sensory laminae were more 
distinct than in the Mirror carp. The 
glossopharyngeal and facial lobes and the 
whole medulla in frontal section were 
larger in the Nishiki-goi than in the 
other varieties. The atrophy of the 
Nishiki-goi tectum opticum as compared 
with the 4 other types reflects a change 
in feeding behavior, and seems to be 
compensated by greater development of the 
gustatory centers. There seem to be 2 
trends in the modification of the brain, 
with the Nishiki-goi and the wild carp 
following one trend, and the other 3 
varieties following the other trend. 
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MORPHOLOGICAL DIFFERENCES AMONG VARIOUS 
WILD POPULATIONS OF THE FISH, ORYZIAS 
LATIPES. 

N.Egamil, M.Nakaya2, M.Sakaizumi3, A.Shima- 
da and K.Naruse4. 1lNatl. Inst. for Environ- 
mental Studies, Tsukuba, 2Biol. Inst., Fac. 
of Sci., Yamaguchi Univ., Yamaguchi, 3Tokyo 
Metropolitan Inst. Medical Sci., Tokyo, and 
47001. Fac. of Sci., Univ. of Tokyo, Tokyo. 


On the basis of allozymic variations 
at 21 loci in Japanese wild populations of 
Oryzias latipes, we have reported that the 
species is divided into two major groups, 
the Northern and the Southern populations. 
Recently we found that these two popu- 
lations were distinguishable by morphologi- 
cal characteristics. For instance, (1) 
relative length of the various parts of the 
body: The posterior part of the body of 
Southern population was longer than those 


of Northern one. (2)Numbers of vertebrae 
and anal fin rays were smaller in Northern 
populations. (3)The secondary sexual 


characteristics were well developed in some 
subpopulations of the Southern population . 
(4) Distribution pattern of melanophores of 
adult skin was quite different between the 
two populations. Besides size of eggs was 
smaller in Chinese populations. From these 
morphological differences and behavior 
differences, we estimated isolation 
distances between different populations and 
subpopulations. 
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CYTOCHEMICAL DEMONSTRATION OF SOME ENZYMES 
IN THE PERITONEAL LEUCOCYTES OF THE MEDAKA, 
ORYZIAS LATIPES. 

H.Nakamura and A.Shimozawa. Dept. of Anat., 
Dokkyo Univ. School of Med., Tochigi. 


Three types of leucocytes, macrophage- 
monocytic cell (M) ,neutrophil(N) ,and lympho- 
cyte(L), were found in peritoneal fluid 
smears in the medaka,Oryzias latipes, after 
intraperitoneal injection of foreign mate- 
rials(SRBC,Carbon particles,Latex beads). 
It was found that the (M) was the principal 
phagocyte, but the (N) also appeared to be 
phagocytic towards SRBC and Latex beads. 
Results of the cytochemical demonstration 
of some enzymes in these cells are summa- 
rized below. 


(M) (N) (L) 
&d-NAE + to ++ = to(+) = © oP 
NASDCAE = - to(+) - 
d-NBDPO - to(+) (+) to ++ - 
O-tolPO = ++ - 
Al-P = = - 


Ac-P area IO) Srsrar = i&© ar = 1«O + 


d-NAE=4-Naphthyl acetate esterase 
NASDCAE=Naphthol ASD chloroacetate esterase 
d-NBDPO=4-Naphthol basic dye peroxidase 
O-tolPO=O-tolidine peroxidase 
Al-P=Alkaline phosphatase 
Ac-P=Acid phosphatase 

- = No positive reaction 


(+)= Uncertain or very weak reaction 
+ = Weak positive reaction 

++ = Marked positive reaction 

+++ = Strong positive reaction 
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MORPHOLOGICAL CHANGES OF THYROIDS OF ADULT 
TRITURUS PYRRHOGASTER AFTER IRRADIATION 
WITH !3!T WITH NOTATION ON LIMB REGENERATION. 
S.Inoue!, M.Michael? and M.Rageh! 

linst. of Endocrinol., Gunma Univ. and 
ANN Ce Soils, Ale, Uinti, , Mgh7olk. 


Effect of 1311 irradiation with an over 
dose of 40uC/7gm B.W. newt on thyroidal al- 
terations was followed, succeeded by study- 
ing the effect of radiothyroidectomy on 
limb regeneration. By the lst post-irradia- 
tion day and propagating in the ensuing 
days, thyroidal degeneration was represent- 
ed by increasing prominence of cytoplasmic 
vacuolation, degeneration of rough ER and 
mitochondria and nuclear atypism, accompa- 
nied by desquamation of follicular epithe- 
lium and necrosis of most follicular cells. 
Subsequent fibrocellular infiltration oc- 
curred with virtual obliteration of thyroi- 
dal follicles and glandular atrophy with 
rapid tendency to loose isotope labeling. 
Under this assumed hypothyroidal condition 
and by the 50th post-irradiation day limbs 
were amputated. Limb regeneration of radio- 
thyroidectomized newts was enhanced during 
preblastemic and blastemic phases of rege- 
neration. This enhancement was represented 
by thicker wound epithelium, rapid proces- 
ses of demolition and earlier blastema for- 
mation as compared with controls. While it 
was slightly retarded during its morpho- 
genesis with cases of skeletal malformation 
in the order of missing of number of carpal 
elements or reduction of one digit. 
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REGENERATION OF DENERVATED AMPUTATED LIMBS 
OF ADULT TRITURUS PYRRHOGASTER. 

S.Inouve!, M.Michael? and E.Moussad! 

lInst. of Endocrinol., Gunma Univ. and 
AWS, Oe SSalgp Mak, Wino, Iey7jote. 


The regeneration of concomitantly dener- 
vated/amputated limbs of adult newts show- 
ed a delayed regeneration rate in preblas- 
temic phase as compared with nerve intact 
controls. They became arrested for not less 
than 40 post-amputation days in this phase 
after which 25 cases out of 45 final cases 
showed a healed over stumps with a reduced 
diameter and became typical non-regenera- 
tive cases. In the remaining 20 cases recu- 
peration of regenerative ability occurred 
upon reinnervation. It was found that the 
regenerative rate of these denervated cases 
proceeded at a rapid rate than normal rege- 
neration giving indication that dedifferen- 
tiating cells were already present in ab- 
sence of normal innervation, but not in a 
sufficient amount to support further rege- 
nerative processes. Reinnervation has been 
found to take place by axonal branching, 
thus one axon gives rise to numerous fine 
branches which may be sufficient to reevoke 
cell cycling and proliferation of dediffe- 
rentiated cells. The ability of denervated 
limb stumps of adult newts to regenerate 
upon reinnervation without reinjury resem- 
ble that of denervated limb stumps of 
larval urodeles. Less Known and poorly 
understood is why 55.6% of the final cases 
failed to regenerate upon reinnervation. 


Morphology 997 


MO 19 


INNERVATION PATTERNS OF SKIN GLANDS IN 
ADULT FROGS. 

K.FUJIKURA and S.INOUE. Inst. of Endocrinol 
., Gunma Univ., Maebashi, 


As we reported, only the granulated gla- 
nd among the four types skin glands of Xen- 
opus responds to isoproterenol (8-adrenerg- 
ic agent) both in vivo and in vitro. In at- 
tempt to understand this phenomenon morpho- 
logically, we comparatively studied the ul- 
trastructure of innervation of Xenopus skin 
glands together with some other anuran spe- 
cies. In Xenopus granulated gland, nerve 
bundles approached the gland where they di- 
vided into small bundles of non-myelinated 
fibers and invaded the gland by passing th- 
rough the intercellular space of the myoep- 
ithelial cells. The terminals of these inv- 
ading nerves were located at the intercell- 
ular space between the myoepithelial cell 
and the secretory cell, or enwrapped in the 
cytoplasm of the secretory cell. In SPK gl- 
and (named tentatively) the nerve fibers 
were in contact with the secretory gland 
the region where the secretory cells are 
devoid of myoepithelium or invaded it in 
the same way as that of the granulated gla- 
nd. In the small-granulated gland, nerve 
bundles which are devoid of Schwann cell 
cytoplasm were at the area close to the ba- 
sement membrane of the gland. In the mucous 
gland, a few nerve fibers were seen in the 
surrounding connective tissues. Similar in- 
nervation patterns were observed in the sk- 
in glands of Rana brevipoda porosa, Rana 
rugosa and Bufo bufo japonicus. 
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ABNORMAL EPIDERMAL THICKENING PRODUCED IN 
THE AMPUTATED NERVE INTACT AND DENERVATED 
LIMBS OF THE NEWLY METAMORPHOSED AND ADULT 
XENOPUS BY LOCAL APPLICATION OF 20-METHYL- 
CHOLANTHRENE. 

S.Inouve and Y.Shimoda. Inst. of Endocrinol, 
Gunma Univ., Maebashi. 


Using the newly metamorphosed and the 
adult Xenopus, 20-methylcholanthrene mixed 
with cholesterol and olive oil (MCH) was 
applied to amputated and bone-removed fore- 
limb in an attempt to disturb the possible 
cooperative interaction of the wound epi- 
dermis and the subepidermal tissues on 
differentiation of tissues in regenerates. 
In this experiment we got abnormal epider- 
mal outgrowths ranging in shape from a sma- 
ll roughed surface bulge to a complicated 
larger outgrowths in the injured areas. 
Such outgrowths have tumor like appearances 
and on occasion occurred in fairly good in- 
cidences under the present experimental 
conditions. Retardation or inhibition of 
regeneration of amputated and treated limbs 
was obtained. Although the amputated and 
bone-removed limbs which were denervated at 
the same time or prior to the operation 
decreased in size and were non-regenerative 
they produced similar abnormal epidermal 
growths like that of nerve intact limbs by 
application of MCH. Therefore such an ab- 
normal growth may be produced without par- 
ticular neuronal contribution, thus prese- 
nting a striking contrast to the neuronal 
influence on epidermal proliferation during 
limb regeneration. 
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ACID PHOSPHATASE ACTIVITY IN THE DENERVATED 
AND REGRESSED LIMB REGENERATES OF XENOPUS. 
S.Kurabuchil, S.Aiyamal, T.Yora2, M.Tabuchi 

and S.Inoue3. lpept. of Histol., Nippon 
Dental Univ., Tokyo, 2Dept. of Biochem., 
Saitama Medical College, Moroyama, 3Inst. 
of Endocrinol., Gunma Univ., Maebashi. 


As we reported previously, when forelimb 
regenerates of adult Xenopus were denerva- 
ted, the regenerates were not only inhibi- 
ted in their further growth but also redu- 
ced in their size (Kurabuchi and Inoue, 
1983). To elucidate the mechanism of limb 
regression after denervation, 40-day-rege- 
nerates were denervated and then harvested 
for histological and biochemical studies of 
acid phosphatase activity (ACP). Biochemi- 
cally there was a peak of ACP at around 30 
days after denervation which was followed 
by a gradual decrease to a level of nerve 
intact control. As was observed regression 
of denervated regenerates was accomparied 
by a reduction of size of cartilaginous 
rods. Histochemically, there was conside- 
rable ACP activity in connective tissue 
surrounding the cartilaginous rod of the 
regressing limb. The ACP activity was also 
found at the basal cell layer of the rege- 
nerated epidermis, skin glands as well as 
macrophages. These observations many supp- 
ort the view that the regenerated cartilage 
gradually degenerates after denervation and 
its disintegrated products become cleaned 
out by basal epithelial cells as well as 
macrophages. 
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ON THE SO-CALLED GILL REMNANT OF RANA 
CATESBEIANA SHAW I 

Y,.Sasaki and N,Makino, Dept. of Biology, 
Tokyo Med, Coll,, Tokyo, 

The so-called gill remnant that lies 
characteristically in anura, has_ been 
studied light- and electron microscop- 
ically on the investigative purpose for 
the function of adult bullfrog, The loca- 
tion of the small gill remnant named by 
Makino is similar to Rana nigromaculata, 
The tissues of the gill remnant can dis- 
tinguish both the cortex and the medulla, 
The sinusoid ranges widely in the cortex, 
In the medulla,there are consist of main- 
ly lymphocytes, The rate of cell division 
is high at all over the tissue, As the 
sinusoid has wide spaces, it seems that a 
pool of erythrocytes, The positive cells 
in the berlin blue staining are observed, 
These cells contain always yellow or brown 
granules, perhaps they are macrophages 
under destruction of erythrocytes, Materi- 
als were injected, at the fore limb, the 
trypan blue and the india ink in expecta- 
tion of phagocytosis, There are few cells 
that take in trypan blue, In cytoplasm 
of cells looking like macrophages, the 
trypan blue is observed andalso ina 
small mass that have myelin form, The in- 
dia ink is greately observed macrophages 
and leucocytes, The form is similar to in- 
take of the trypan blue, And the gill rem- 
nant has plasma cells that are ajacent to 
phagocytes, From these form of tissues, 
various functions are expected, 
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ELECTRON MICROSCOPIC STUDIES ON THE BLOOD- 
ATR BARRIER OF THE LUNGS IN AMPHIBTA. 

they (Cy aber NS Males) tls  USUO@lasyva, — lial 
T. Hashimoto. 

Dept. of Anatomy, Toho Univ. Sch. of Med., 
Tokyo. 


We have been studying alveolar epi- 
thelial cells ranging from those of lung- 
fish to those of mammals as a part of a 
comparative anatomical studies of lungs. 
Lately, we have examined the blood-air 
barrier of the amphibia (Megalobatrachus 
japonicus davidianus, Hynobius nigrescens, 
Hynobius nebulosus tokyoensis, Tylototriton 
andersoni, Cynops pyrrhogaster, Xenopus 
laevis, Rana catesbeiana). 

The alveolar epithelial cells of 
Urodela proved undifferentiated, possessing 
the, features jot sboth slypie Wie vandalayso en ele 
ENV COlee Ciprwiieilseil Cols, Waeaiwe eyeos 
plasmic projections were thick, including 
osmiophilic lamellated bodies. The inter- 
cellular substance contained collagenous 
fibers. The average blood-air barrier 
value (0.842um) was approximately twice as 
thick as that of Anura (0.41ym) and three 
times that of Aves or mammalia (0.27um). 
The alveolar epithelial cells of Anura 
proved differentiated, pinocytotic vesicles 
existed in the thin cytoplasmic projection. 


MO 24 


OBSERVATIONS OF THE WOUNDS IN THE AMPUTATED 
LIMBS OF THE FETAL AND NEWBORN MICE. 
T.Nohunagal and S.Inoue2. linst. for Exper. 


Animals, Tohoku Univ., Sendai and 2Inst. of. 


Endocrinol., Gunma Univ., Maebashi. 


In an attempt to study the sign of rege- 


neration in mice limbs, we amputated limbs 
in earlier fetal stage together with new- 
born mice with/or without application of 
brain brei to the amputated limbs. Limb 
amputation of in utero fetuses of strain 

IV CS mice between 12 and 17 days after 
mating in proestrus and the newborn mice 

of the same strain just after birth were 
carried. Forty five among 180 in utero ope- 
rated cases were sacrificed at 12 hr to 6 
days for histological observation. The 
wound healing of the fetuses seemed to pro- 
ceed faster than that of the newborn mice. 
Sporadic occurrences of innervations in the 
regenerated epidermis were seen as early as 
3 days after the operation. The amputated 
limbs of newborn mice which were received 
brain brei showed lesser amount of wound 
coagulum and tissue debris and thicker 
regenerated epidermis on the fifth day as 
compared with the non-treated limb. Wound 
surface of fetus limb at the 6 post ampu- 
tation day appeared slightly mounded and 

in the subepidermal area of which cellular 
aggregations were found. 
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AN EXPERIMENTAL STUDY ON THE AMINERGIC 
INNERVATION OF THE CEREBRAL BLOOD VESSELS 
IN RODENTS. 

T. Tagawa and K. Ogawa, Dept. of Anat., 
Sch. of Med., Fukuoka Univ., Fukuoka 

In five kinds of rodents, that is, rat, 
mouse, hamster, guinea pig and striped 
Squirrel, we have observed the vascular 
constructions, aminergic distributional 
aspects and regenerating results on the 
cerebral blood vessels. 

Cerebral blood vessels of rodents are 
divided into two groups from the vascular 
construction and aminergic distribution. 

In first group(rat, mouse and hamster), the 
arteries are well developed in cerebral 
carotid arteries whereas poorly developed 
in the posterior communical branches, and 
the aminergic nerve fibres are particularly 
dense in the cerebral carotid arteries 
whereas are less dense in the vertebro- 
basilar systemes. On the other hand, in 
second group(guinea pig and striped squir- 
rel), the arteries are vestigial in the 
cerebral carotid arteries but are well 
developed in the posterior communical 
branches, and the aminergic nerve fibres 
are sparse in the cerebral carotid arteries 
but are fairly dense in other cerebral 
carotid systemes. 

From the result of uni- or lateral 
excisions for the superior cervical gang- 
liones, we have conjectured that the peri- 
pheral aminergic nerve fibres are not only 
ipsilateral distribution but supply to the 
contrary side. 
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GUANETHIDINE-RESISTANT, ADRENERGIC NEURONS 
IN THE SYMPATHETIC GANGLIA OF ADULT RAT. 
THEIR ULTRASTRUCTURE AND INNERVATION AFTER 
CHRONIC ADMINISTRATION OF EXTREMELY HIGH 
DOSAGE OF GUANETHIDINE SULFATE. 

S. Kikuchi 

Dept. of Biol., Sch. of Lab. Anes mandmscamr 
Iwate Med. Univ., Morioka. 


Even after 4 months administration of 
guanethidine sulfate(Ismelin CIBA) (50mg/Kg/ 
day,ip.) a considerable number of glyoxylic 
acid-fluorescent meurons survived in the 
superior cervical ganglion (SCG), whereas 
they were very few in the stellate(SG), ce- 
liac(CG), and pelvic(PG) ganglia. On the 
other hand, non-fluorescent neurons, which 
were abundant in the PG and very loosely 
scattered throughout the SG, were seldom en- 
countered in the SCG and CG. This suggest 
that cholinergic neurons in the SCG are far 
fewer than previously reported. Surviving, 
fluorescent neurons moderately innervated 
only the SA and AV-node area of the heart. 
Fluorescent nerve fibers terminated, very 
sparsely, also in the pineal gland, iris, 
vas deferens, and coagulation gland, while 
they entirely disappeared from the gastro- 
intestinal tract. 

Electron microscopical examination re- 
vealed that guanethidine-resistant neurons 
were rich in small dense-cored vesicles not 
only in the terminal axons but also in the 
peripheries of the somata and proliferated 
dendrites, indicating extraordinarily high 
level of monoamine content in these neurons. 
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IMMUNO-HISTOCHEMISTRY OF DEVELOPPING RETINA USING 

ANTI-CATTLE RHODOPSIN MONOCLONAL ANTIBODY. 

Ss Horiuchi’ , H. Kitani! , Y. Koshida', F. Tokunaga’, 
and T. Takeuchi?. 1 Dept. of Biol., Col. of Gen. 
Educ., Osaka Univ. Toyonaka, 2 Dept. of Phys., Fac. 
of Sci., Tohoku Univ. Sendai and 3 Dept. of Biol., 
Fac. of Sci., Tohoku Univ. Sendai. 


Takeuchi et al. (1983) produced mono- 
clonal antibodies against purified cattle 
rhodopsin. We applied FITC-indirect immuno- 
fluorescent staining using these antibodies 
to the adult retinae of five species of 


vertebrates. We found rod cells’ stained 


but cone cells unstained on polyethylene 
glycol sections of the retinae in all spe- 
cies investigated. We ascertained that the 
present antibodies would be applicable to 
developmental studies of chick rod cells, 
and that both outer and inner segments of 
rod cells were stained in developping chick 
embryo retinae, but the inner segments be- 
came umstained after the hatching stage. 
Sites of rhodopsin production and its accu- 
mulation in developping rod cells have been 
discussed with reference of the specificity 
of the present antibodies. 
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MICROINJECTION OF MASTOPARAM, A CALMODULIN 
ANTAGONIST, INHIBITS AVOIDING REACTION IN 
PARAMECIUM, Pe | 

N,Haga and Y,.Kuroda , Biol,Inst,Tohoku 
Univ,Sendai,Miyagi 980, Dept.of Neurochem, 
Tokyo Metropolitan Inst,for Neuroscience, 


Fuchu-shi,Tokyo 138, 
Swimming behavior of Paramecium is cOou- 


pled with membrane excitability which is 
based on various ion-channels in surface 
membrane, Membrane depolerization triggered 
by stimuli opens voltage-dependent Ca-chan- 
nels, The transient increase in intracell- 
uler Ca**reverses the direction of ciliary 
beating resulting in the change of the 
swimming direction from forward to backward 
for a short time (avoiding reaction), 

To know whether calmodulins are involved in 
the regulatory system of avoiding reaction, 
we microinjected mastoparan, a potent cal- 
modulin antagonist, into Paramecium, When 
1.2 pM of mastoparan was injected, the dur- 
ation of backward swimming in a test solu- 
tion was gradually decreased, reaching min- 
imum( 40% of control) at 20-30 min after 

the injection, About 80 min after the inj- 
ection, the duration time was recovered to 
the original level, The effect of mastopar- 
an was dose-dependent from 12 nM to 12 pM, 
Considering a series of other evidence that 
the duration of backward swimming in a test 
solution is proportional to the Ca-channel 
activity, it is possible that mastoparan 
interacts with a calmodulin system which 
modifies voltage-dependent Ca-channels, 
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INTERMALE AGGRESSIVE BEHAVIOR IN DROSOPHILA. 
H. Ikeda and Y. Ohmori, Biol. Instit., Fac. 
Gener. Educat., Ehime Univ., Ehime. 

We have very little information about the 
genetics of intermale aggression in Droso- 
phila, although male-male aggression occurs 
in many species of Drosophila. In this study, 
D. hypocausta and D. siamana belonging to 
the D. hypocausta subgroup were used. The 
male fights against other males and defends 
territories. The intermale aggression was 
measured by the frequency with which they 
stayed on the food surface (20mm in diameter) 
placed in a plastic cell(35mm in diamater 
and 15mm high) for 90 min. There were sig- 
nificant differences in the frequency among 
three isofemale strains each of species. 
Hybridization tests revealed that the 
genetic determinants of interstrain differ- 
ences in the level of aggression were 
partially sex-linked factors. D. hypocausta 
males emitted pulse sounds when they dis- 
played wing threat which was directed to 
other male. A burst of the sound consisted 
of 17.2 pulses on the average and the mean 
interpulse interval was 8.8 msec. The 
intermale aggression was less often between 
two species used compared with intraspecific 
combinations. Both males stayed on the food 
surface without aggression for about 40% of 
the observation period, whereas the values 
were less than 10% in intraspecific combi- 
nations. D. siamana males were often ob- 


served to court to D. hypocausta males. 
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ANALYSIS OF HYDROCARBONS IN DROSOPHILA 
AURARIA COMPLEX. 

Y. Oguma, H. Kurokawa and N. Katayama. 
Inst. BLOW Sci., Univ. of Tsukuba, 
Ibaraki. 


The isolation coefficients were highly 
Significant between any combination of 
different two species in the 4 species, D. 
auraria, D. biauraria, D. triauraria and 
D. quadraria, of the D. auraria complex 
(Kurokawa et al., 1982). To elucidate the 
cause of sexual isolation, we attempted to 
analyze hydrocarbons extracted from the 


surface of flies using the 
gaschromatography. The peaks of the 
hydrocarbon complexes of the adults (4- 


day-old) appeared at satd. C23-C33 on the 
chromatogram. The profiles shown in the 4 
species were different with each other. 
The difference between the sex was 
comparatively small, but there were some 
sex specific peaks. Intraspecific 
differences were also appeared but they 
were not beyond the range of interspecific 
differences. Changes of GC profile by age 
could be detected. Young fliles (4-h-old) 
in the both sex of the 4 species showed 
almost the same GC profiles. We also 
examined the method of the bioassay of 
hydrocarbons in D. triauraria. From the 
preleminary experiments of the bioassay, 
we obtained the data that male flies of D. 
triauraria may have discriminated each 
female belonging to the 4 species by means 
of odor. 
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COURTSHIP BEHAVIOR OF DROSOPHILA AURARIA 
COMPLEX. 
nls INURE, Ws Oct, Wo We@ ame Ko 
OMe, Asie, Bio@l, SEL, Winisy, Or Weulkuloei, 
Ibaraki. 


The observation of courtship behavior 
of 4 closely related species of the D. 
auraria complex was each performed by 
using a videorecorder. We attempted to 
clarify the condition causing shift of the 
element in the courtship behavior by means 
of interspecific hybridization. The in- 
semination frequency under the dark or in 
the pairs with wing-amputated males was 
examined as compared with that in ordinary 
observation. 

cS WEISS Oi OD, Ailicerele Gousesc! Mess 
actively even to his own females than 
those of the others. The courtship behav- 
ior of this species was not shifted with 
the species chosen as the partner but that 
Oe DW. Agiewieciele <incl Do iwelewueecla Was 
somewhat shifted in this respect. The 
insemination frequency in the experiment 
using wing-amputated males was much de- 
creased in’ D. triaunaria males) than ian the 
other 3 species. A small number of the 
Males Ore De yoiauraria  Couldmeaccomplarsia 
insemination under the dark. It is sug- 
CESESC tlieic memes © ID, eielawicaicla  aiacl 
females and/or males of D. biauraria em- 
ploy an auditory and visual sense respec- 
tively in their partner recognition. 
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MODIFICATION OF CIRCADIAN WAVEFORM BY 6-HR 
PHASE SHIFTS OF LD CYCLE IN THE CRICKET, 
GRYLLUS BIMACUALTUS. 

K. Tomioka and Y.Chiba. Environ. Biol. Lab. , 
Biol. Inst. , Yamaguchi Univ. , Yamaguchi. 


Adult crickets (Gryllus bimaculatus) 
show a circadian locomotor rhythm peaking 
early in the dark fraction of LD12:12. This 
rhythm has been revealed to be controlled 
by driving oscillators (pacemakers) located 
bilaterally in the optic lobes (OL). In the 
present experiment, we investigated the re- 
synchronizability of the rhythm to LD12:12 
shifted by 6-hr under a constant tempera- 
ture of 26°C in 69 males. The LD was shift- 
ed by either elongation or shortening of 
the light fraction. More cycles were needed 
for resynchronization in phase-advance than 
in phase-delay. Decrements of light inten- 
sity increased the cycles needed in both 
phase-delay and advance. The most interest- 
ing was that the waveform of the rhythm was 
remarkably changed in 35 animals by repeti- 
tion of the shifts. Twenty-three of them 
became to show diphasic pattern peaking 
around dawn in addition to the normal peak 
in the dark fraction. The remaining 12 
lacked the normal peak, showing only the 
around-dawn-peak. The diphasic pattern per- 
sisted after unilateral optic lobe removal, 
freerunning in the ensuing DD. This fact 
may deny the possibility that the diphasic 
pattern is caused by decoupling between the 
OL-pacemakers (Wiedenmann and Loher, 1984). 
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SYNCHRONIZABILITY OF MOSQUITO CIRCADIAN 

ESOTIN IEA WITH TEMPERATURE CYCLE. 

Y.Chiba’ and M.Uki“~. Environm.Biol.Lab., 
iol.Inst.,Yamaguchi Univ.,Yamaguchi and 
Res.Inst.,Otsuka Pharma.Comp.,Tokushima. 


The mosquito, Culex pipiens pallens 
shows a diphasic circadian activity with 


two peaks per cycle; under a 24-hr LD 
cycle one synchronizes with lights-off to 
form the evening peak and the other 
occurs 7 to 9 hrs thereafter to form the 
morning peak. Our recent study elucidated 
that synchronization occurs also with 
temperature cycle given in constant dark- 
ness; when a temperature cycle of 23° (8 
hrs) and 28° (16 hrs) is given, the 
morning peak occurs in the cryophase but 
the evening peak times a few hours prior 
to the onset of cryophase.This number of 
hours changes in inverse proportion to 
the freerunning period. The two peaks 
often move in opposite directions in 
response to a phase shift of temperature 
cycle to attain resynchronization. For 
example, when a temperature cycle is 
phase delayed, the morning peak moves 
back accordingly but the evening peak 
advances; thus the traces intersect each 
other,suggesting that separate physio- 
logical oscillations underlie the two 
peaks. 
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BEHAVIORAL ANALSYS OF VISUAL INPUT AND 
MOTOR OUTPUT IN PAPILIO XUTHUS. 


Y-lyobe and K-Aoki. Lite Ssevemeeminnsiaer 
Sophia Univ., Tokyo. 


Papilio xuthus responded to a verti- 
cally rotating striped drum. The rela- 
tionships between visual stimulus and mo- 
tor output from the movement of the head 
and wings was examined in a series of be-= 
havioral experiments. The head and wings 
responded with high frequency to upward 
fast moving pattern presented at anterior 
ventral area of the animal regardless of 
the intensity of light ranged from 80 to 
657 cd/m* or the distinction of sex from 
behavioral data. 

Papilio xuthus had a binocular domain 
for the direction of anterior ventral 
area from the analysis of the external 
morphology of the compound eye. 

It is demonstrated that Papilio xuthus 
responded to upward movement stimuli 
using the visual information from the 
analysis of behavioral data. 
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BEHAVIOR OF VELIGER LARVA AND MECHANISM OF DIFFERENCES OF THE MATING BEHAVIOR AMONG 
DISPERSAL IN CLITHON RETROPICTUS VARIOUS SPECIES OF THE GENUS ORYZIAS. 
(PROSOBRANCHIA: NERITIDAE) A.Shimada!, N.Egami2, M.Sakaizumi >. 1.Zool. 
S.Nishiwaki and K.Koike. Coll. of Med. inst., fac. OL SCi.,- Univ.« of Tokyo) To6kyo, 
Techn. Nursing, Univ. of Tsukuba, Ibaraki 2.National Institute for Environmental 

and Fac. of Educ., Gunma Univ., Maebashi. Studies, Tsukuba, 3.Tokyo Metropolitan 


Inst. of Medical Sci., Tokyo. 
Clithon retropictus living in brackish- The = Sena £5 i 

and fresh-water portions of the rivers the: oem 4c =e aah role EAGIEL EE 

lays egg capsules on the stone surface. 2 Sone 0 se pose Se eee Se 


= ‘ O.celebensis, O.mekongnensis, and 
ee ics Sogn ea ee O.minutillus) were observed to reveal the 
aquarium in which ege capsules are kept phylogeny and ASHE ae of them from an 
and by sampling with a plankton net in the Senta imecn oe sees bea ' 
field. In order to reveal the role of Th the males of Q.lat., mating aye 
veligers in the life history, we examined behavior consists of following repertoires; 
the adaptability of veligers to various es Lo ie naa as Ss ss ictal 
Salinities. Veligers cultured in fresh courting orientation ,'° round’ dance: ~ 
water without food died within one to two (courting behavior), “crossing" (embracing 
days, but those cultured in 1/2 and 1/3 female with anal and dorsal fins), and 
sea water without food lived mostly for 7 ejaculation’. Males of O.mel. and O.min. 
to 10 days and those in sea water more did not show the "round dance". Males of 
longer. Therefore, we inferred that Q.cel. and Q.mek. showed neither "following" 
veligers go down to the sea and spend as a nor round dance’. In the females of O.lat. 
Plankton for some period (probably more . spcheen a behavior Sie wee, i head apeTGhe 
than one week) during which they are behavior = ig dessa wpprohaslep as had ye ee 4 
dispersed with the sea current and grow to ees ee eee pees ee 
the metamorphosing stage. Metamorphosis <leangisint Spares ee eee 
occurs probably in the upper brackishwater sigmoid dance . In Q.cel., O.mek. and QO. | 
portion of the river. These probable min.) neither"head' up" aor sigmoid) dance 
behavior of veligers may explain the were ooserved, whereas the convulsion wan 
discontinuous geographical distribution occasionally observed in Q.cel. and O.mek. 


in the rivers from tropical regions to ‘ In summary, it is concluded that O.lat. 
central Japan where are washed by the as more variety of behavior patterns than 
Kuroshio Current. any other species. 
BB 9 BB 11 
DIEL CHANGES IN THE BODY POSTURE OF AN SEASONAL CHANGES IN LOCOMOTOR ACTIVITY 
ALCYONACEAN CORAL, LOBOPHYTUM CRASSUM. RHYTHMS OF THE MEDAKA. 
K. Yamazato, Dept. of Biology, Coll. of T. Yokota and T. Oishi, Dept. of Biol., 
Sci., Univ. of the Ryukyus, Okinawa. Nara Women's University, Nara 
_A colony of L. crassum shows several Seasonal changes in locomotor activity 
different typés of body posture: all or a rhythms of the medaka as a group was 
part of polyps may protrude with or without investigated in aquaria kept outdoors and 
expanding their tentacles, or all polyps of under artificial conditions. 1) Under the 
a colony may contract entirely. In the outdoor condition: In winter, different 
former case, the colony is always rigid and activity patterns were observed depending 
the branches are erect, while in the latter on the layers in the aquarium, i.e., 
case, the colony may be either rigid or in nocturnal, crepuscular and diurnal in the 
the state of collapse, with the branches upper, middle and lower layer, respective- 
shrunk and bent towards the colony center. ly. In spring, only diurnal activity was 
Diel changes in the body posture of some observed in all three layers. In summer, 
colonies, naturally growing or transplanted more prominent diurnal activity than in 
were monitored continuousély by an under- spring was observed. 2) Under artificial 
water TV camera with a time-lapse video conditions: In winter, when the fish were 
deck for several days at a time. The pre-" maintained under LD 10.5:13.5 at 4 °C, 
liminary results show that the polyps tend nocturnal activity pattern was observed. 
to protrude during the night and contract We could not detect any distinct free- 
during the day. However, in many occasions, running rhythms under constant darkness 
they protrude during the day also, or they (DD). In spring, the activity pattern was 
remain protruded or contracted for more diurnal under LD 12:12 at 17 °C. Distinct 
than 24 hours. The day-protrusion seem to freerunning rhythms were not detected 
be associated with the day-time low tide under DD. In summer, however, 5 groups 
and the day-contraction with the day-time out of 6 showed a distinct freerunning 
high tide. But the contradictory results rhythm when transferred from LD 14:10 at 
were also obtained. 29 °C to DD. Thus, the locomotor activity 
Changes in solar illumination seem to be of the medaka as a group shows seasonal 
involved also. Some evidences to show that changes in its pattern under light-dark 
the cloudyness is associated with the day- cycles and in the exhibition of freerun- 
time extrusion of polyps were obtained. ning rhythms under DD. 


These and the other results are all very 
preliminary and need to be carefully tested. 
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THE EFFECT OF LIGHT PULSE ON THE LENGTH OF 
FREE RUNNING RHYTHM OF THE HAGFISH. 
S.Ooka-Souda!, H.Kabasawa* and §.Kinoshita?® 
tatomigakuen Jun. Coll., Tokyo, *Keikyu 
Aburatsubo Marine Park Aqu., Miura-shi, 
3Misaki Marine Biol. Station, Univ. of 
Tokyo, Miura-shi. 


The locomotor activity of the hagfish, 
Eptatretus burgeri, was measured by use of 
an infra-red light-photocell system. The 
hagfish showed a clear nocturnal rhythm of 
swimming activity under 12L:12D, and a 
distinct free-running rhythm in constant 
darkness. In the present study, we examined 
the responses induced by the irradiation of 
light pulse (15 min, 670 lux) in the 
hagfish showing free-running rhythm in 
constant darkness. It was found that the 
length of free-running periodicity was 
clearly changed by the irradiation of light 
pulse, and the response was changed by the 
phase in free-running period at which the 
light pulse was given to hagfish. The light 
pulse given to the first half of active 
phase elongated the free-running period and 
the light pulse given in the latter half of 
active phase made the free-running period 
shorter. The results in present study are 
different definitely from "phase response" 
phenomena reported in many kinds of animals 
in these points that in "phase response" 
the length of free-running period doesn't 
change but only phase shift occurs, but in 
present study, the length of free-running 
period itself changes. 
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SEX RECOGNITION BY CALLS IN LEACH'S 
STORM-PETREL (OCEANODROMA LEUCORHOA) 


M.Taokal , T.Sato2, T.Kamada® and H.Okumura! 
Biol.Dept., Japan Women's Univ., Tokyo! , 
Dept.Zool., Kyoto Univ., Kyoto*, Dept. 
Oral Physiol., Hokkaido Univ., Sapporo?. 


Leach’s Storm-Petrel has three distinct 
calls which are common to both sexes. Two 
of them, that is, short call and duet call 
have sexual differences in the fundamental 
frequency. Two types of playback experi- 
ments were carried out in order to testify 
to sex recognition by calls. One is that 
male or female calls are played back into 
the burrows and the responses of indivi- 
duals inside the burrows are recorded. The 
other is that their calls are played back 
upward at large volume from the speaker on 
the ground. In the first experiments, 
individuals inside the burrows reply to 
the same sex’s calls when short calls are 
Played back, but to the duet call, the 
opposite results are obtained. In the 
second experiments, a number of individuals 
are gathered above the speaker and males 
land near by the speaker when female short 
calls or duet calls are played back. But 
females land when only the playback of male 
duet calls. But these phenomena are found 
only in the early period of breeding 
season. Each result from two types of 
Playback experiments shows that Leach's 
Storm-Pertrel obviously distinguishes 
between male and female calls. 
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THE EFFECT OF ODOR STIMULI IN URINATION 
PATTERNS OF MICE. 

M.Daumae and T.Kimura. 

Dept. of Biol., Coll. of Arts and Sci., 
Uinv. of Tokyo, Tokyo. 

Male mice produce large number of urine 
spots in novel environment. In the 
present study, we found that olfactory 
bulbectomy significantly increase the 
frequency of overnight urination of male 
and female mice, suggesting that 
olfactory feedback system may work in 
the regulation of urine marking. Anosmia 
introduced by ZnSO,, however, did not 
increase the overnight frequency in male 
mice, and rather reduced the frequency 
in 1 hour. While intact male mice showed 
definite preference for strange male 
odor to their own odor, male mice made 
anosmic by ZnSO, showed no preference. 
That suggests that ZnSO,-anosmic mice 
can not distinguish the odor of own 
urine from that of other individuals, 


and the ability of individual 
discrimination is necessary for urine 
marking. Using sodium fluorescein 
(Uranine), we studied the marking 


frequency in male mice on previously 
marked paper. They deposited more number 
of urine spots on the paper with marks 
of a strange male that with its own 
marks, or the fresh paper. This suggests 
that odor of other conspecific increase 
the marking frequency, but own odor may 
not regulate. 
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BEHAVIORAL PROPERTIES OF MICE GENETICALLY 
SELECTED FOR MEMORY RETENTION OF PASSIVE 
AVOIDANCE TASK. 


N.Mishima,K.Teraoka,K.Tanaka and R.Yoshioka 


Dept. of Biol. Fac. of Pharm.) sUnawemom 
Tokushima-Bunri. Tokushima. 


Mice received electric shocks under 
non-escapable condition when they entered 
into the neighbouring room. Memory reten- 
tions of the ES-received subjects were 
tested in the same apparatus after 2 days 
and one week. In the two tests, a mouse 
which exhibited longer than 180-sec 
latency was named as an "Excellent" mouse 
and a mouse which exhibited shorter than 
100-sec latency was named a "Dull" mouse. 
At present, the fifth progenies oLseme 
"Excellent" line and "Dull" line were 
obtained respectively by repeated inbreed- 
ing. The memory retention of "Dull" line 
mice is significantly inferior to those of 
non-selected control mice (pi GeO) amOn 
the other hand, there were no significant 
difference in memory retentions of "Ex" 
line mice and control. Jumping or Squeal- 
ing threshold levels on electric shock 
exposure was not statistically different 
between the two selected lines. However, 
"Ex'' line was distinctively superior in 
T-maze learning than “Dull” tJline ( p< 
-001). These results suggest that charac- 
ters with respect to memory retention are 
inheritable and it might be also corre- 
lated to learning ability. 


Behavior Biology, Ecology, Taxonomy and Systematics 1003 


BB 16 


COMPARISONS OF ULTRASOUNDS IN AGGRESSIVE 
BEHAVIOR EMITTED BY RATS AND ' HAMSTERS. 
R.Yoshioka, Y.Nishitani, and N.Mishima. 
Dept. of Biol., Fac. of Pharm., Univ. 
of Tokushima-Bunri. Tokushima. 


Aggressive behavior tests were conducted 
between rats or hamsters which had been 
placed in individual cages for one 
month. In most cases, ongoing attack 
behavior occurred within several minutes 
after joining two cages and opening the 
partition. In rats, definite victory or 
defeat between the two subjects was 
nearly decided by only one or two attack 
behavior. Two types of ultrasounds were 
found in aggressive behavior. Defensive 
-side rats emitted short pulse U.S.(20- 
100° msec) before and during violent 
attack. This type of U.S. had rapidly 
variable, higher frequencies (40 - 60 
kHz). The defeated rats which exhibited 
submissive posture and then severe freez-— 
ing behavior produced long term U.S.( 
0.8 -1.5 sec) with pure tone like, lower 
frequency (25 - 30 kHz). This U.S. was 
regarded as a signal of defeated animal. 
On the other hand, defensive’ side 
hamsters produced various types of U.S. 
as rats. However, each signal of U.S. 
was found in any stage of aggressive 
behavior. These results demonstrate 
that there are U.S.signals corresponding 
with progress of aggressive behavior in 
rats but not in hamsters. 
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LIFE CYCLE OF ANISOGAMMARUS JESOENSIS 
SCHELLENBERG (CRUSTACEA,AMPHIPODA) IN A 
TEDORI-FAN BROOK, ISHIKAWA PREFECTURE, 
JAPAN 

M.Hiroki* ,T.Narita** & K.Hirai***. *Dept. 


of Sci.Ed.,Kyoto Univ.of Id.,Kyoto, **Otsu 
Hydrobiol.Stn.,Kyoto Univ.,Otsu & ***Biol. 


Inst.,Fac.of Ed.,Kanazawa Univ. ,Kanazawa 


Monthly sampling was conducted from 


July 1972 to December 1973 in a Tedori-Fan 


brook, Ishikawa Frefecture to investigate 
the life cycle of A.jesoensis. 
In November and December, this popula- 


tion comprised adults (stage 3) and newly- 


born juveniles (stage 1); it contained no 
medium-sized individuals (stage 2). From 

January to May, individuals in any stage 

(1,2 and 4%) existed. 

Period most abundant in newly-born 
juveniles was November and December, 
secondly April and May. From January to 
March, individuals in stage 1 were much 


fewer, although clearly existed. From June 


to October, no recruitment to this stage 
was recognized. 


In July the population consisted of the 


individuals in stage 2 only. They grew, 


through August to November, up to stage 3. 


From the above observations, this 
population is supposed to complete one 
generation in a year, as is common to the 
case of a sibling species, Anisogammarus 
annandalei (Tattersall) in Lake S5iwa 
(Narita 1976). 
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STRUCTURE OF COMMUNITIES OF ANTS IN THE 
JAPANESE ISLANDS: S/G ratio, AREA, AND 
SPECIES RICHNESS. 

Mw. terayenea, oer... OL biol, , Goll.” or 

Arts and Sci., Univ. of Tokyo, Tokyo. 


Distribution of ant species and species 
richness on the 42 islands of Japan were 
examined in light of the island biogeogra- 
phic theory. 

The species-area relations of the 
three island groups fitted the power 
function model, S=CA?. The value of Cin 
the model became smaller on the _ island 
groups in a high latitude. 

Number of species/Genus (S/G) ratio 
increased with size of islands within each 
island group. The large S/G ratios were 
observed on the islands in a high latitude. 
Further, the conformity with the low of 
logarithmic series was remarkable between 
number of genera and that of species in 
each island. 

Multiple regression analysis showed 
that ant species richness was accounted 
primarily by numbers of plant’. species, 
with area of islands having a reduced, but 
Significant, influence. Plant species 
richness was also explained largely by 
area of islands. These results suggest 
that the relation between ant species 
richness and island area is indirect and 
can be mediated by interrelated factors 
such as habitat diversity. 
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INTERSYNGENIC CONJUGATION IN EUPLOTES 
WOODRUFFI (CILIOPHORA). 

T. Kosaka. ZOOls,) onst., race of Sei., 
Hiroshima Univ., Hiroshima. 


Syngens (sibling species) 2 and 3 are 
different in fertilization methods (syngen 
2 undergoes autogamy and conjugation, but 
the latter produces no viable progeny, 
syngen 3 carries out only conjugation), 
habitats and geographical distribution, 
although both are not morphologically 
distinguished from each other. Some re- 
sults containing intersyngenic conjugation 
between two syngens were obtained as fol- 
lows: 1. Heat-killed cells from syngen 2 
induced selfing in cells of syngen 3 at 
70% or more. 2. Heat-killed cells from 
syngen 3 induced selfing at 5% or less and 
autogamy at 90% or more. 3. When two 
stocks were mixed under a suitable condi- 
tion for conjugation, intersyngenic con- 
jugation occurred at a low rate. This 
could be ascertained also by mixing one 
cell to one cell of two syngens. 4. The 
exconjugants grew to make clones unilate- 
rally, but not synclonally. All exconju- 
gant clones that survived underwent auto- 
gamy after about 30 fissions of the imma- 
ture period. This may indicate that the 
surviving clones originated from syngen 2 
cells by autogamy, although true intersyn- 
genic pairs were formed. Further, more 
detailed relations between two syngens are 
being examined by using doublets produced 
experimentally. 
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CONJUGATION IN EUPLOTES HARPA (CILIOPHO- 
RA). 1.INTRACLONAL AND INTERCLONAL CONJU- 
GATION. 

H. Kanemoto. Zool. Inst., Fac. of Sci.;, 
Hiroshima Univ., Hiroshima. 


Intraclonal conjugation (selfing) and 
interclonal conjugation are observed in E. 
harpa. This research was studied which of 
the two ways was more effective and predo- 
minant for maintaining this species. The 
results obtained were as follows: 1.In 23 
stocks, at least 3 mating types were 
found. Exconjugant viability was 98% in 
crosses between two types of JZ stocks 
(from Jinzai lake in Shimane Prefecture), 
38-53% between JZ and SY (Syukkeien pond 
in Hiroshima Pref.), 4% between SY and SNK 
(Sinji lake in Shimane Pref.),and 60-94% 
between SY and MY (Miyajima in Hiroshima 
Pref.). It is considered that the varia- 
tion in viability from crosses is related 
EO) iElNe M@CGaIlswicy O% SEOEGKS, Jo lin 38 Or 43 
stocks, selfing was observed. Viabilities 
of exconjugants were above 70%. In stocks 
MY84 and JZ18, viabilities of progenies 
from selfing were examined. The viability 
in stock MY84 was 86% in F1, 89% in F2, 
and 73% in F3. That in stock JZ18 was 77% 
aig 19 {] 5 Giles alin WA, ancl GBs alin W354 Wil SSO 
rates at 23 Cin stocks MY84 and JZ17 were 
1.01-1.10 in F1 to F3. Exconjugants from 
selfing needed 25 fissions or more to 
Carry out the next selfing. These results 
suggest that E. harpa has a tendency to 
prefer inbreeding to outbreeding. 
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COMPARISON OF EXTERNAL MORPHOLOGY OF SPER- 
MATOZOA AMONG FRESHWATER PLANARIAN SPECIES. 
S. Ishida and W. Teshirogi. Dept. of Biol., 
Fac. of Sci., Hirosaki Univ., Hirosaki. 


The external morphology of sperm in 
eleven species of five genus in planarians 
was compared, and the differences among 
them were considered in relation to clas- 
sification, chromosome number, and ultra- 
structure. Sperm consists of a long thin 
head, an anterior process, and two flagella 

The length of the head and flagella, and 
the head diameter are different among the 
species. The length of the anterior process 
is almost equal between the species with 
the same chromosome number in the same 
genus. In two subspecies of Dugesia japoni- 
ca, the length of each part of sperm was 
different, and in Polycelis auriculata some 
difference was found in the head length 
among populations with different chromosome 
number. As the nucleus and mitochondria 
coil with each other in the head, it is 
considered that the sperm of population 
with large amount of DNA has the longer 
head in the same species with chromosomal 
polymorphisms. It is reported that in the 
needle-shaped sperm of cave cricket and 
inkfish the sperm chromosomes are arranged 
regularly in the sperm head and the ar- 
rangement order is constant (Inoue & Sato, 
1966). In planarian sperm, judjing from 
head length and its diameter, it is sup- 
posed that the arrangement of chromosomes, 
that is, their packing way, is somewhat 
different according to each species. 
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KARYOLOGICAL AND TAXONOMIC STUDIES OF 
THE DUGESTA SPECIES IN SOUTHEAST ASTA. 
VIII. DUGESTA JAPONICA AND DUGESIA TI- 
GRINA FROM KAGOSHIMA PREFECTURE. 
S.Tamural, 1.0kil and M.Kawakatsu2. 
lOsaka Pref.Inst.Publ.Health, Osaka and 
2Biol lab., Huge Woments Colle sain pemor 


The animals of Dugesia japonica from 
several localities of Yakushima’ Wsland 
and Tanegashima Island, Kagoshima Prefec-— 
ture, were examined cytollogacaiilys whic 
karyotype of the animals from two local- 
ities of Yakushima Island was typical of 
Dj .gaponica (n=8 5, 2x=16) 2 sincere 
three karyotypes (triploidy and triploid-— 
ic aneuploid) were also found in some 
animals from Yakushima and Tanegashima 
Islands: 3x+11LB=25, (x—1)+2B=25) same 
(4x=1 +21 B+1SB=25+1SB. 

The karyotype of the animals from the 
southern area of Tanegashima Island was 
ex=14 and n=7. Although this karyotype 
1S similar Go that of Dep wyulkewenssas 
the taxonomy of the material is not 
studied yet. 

In Kagoshima, non-sexual specimens of 
an exotic freshwater planarian were ob- 
tained from a culture pond of yabbies 
(Cherax) introduced from Western Austra- 
lia. Judging from the external appearance 
of the animals with pigmented pharynx 
and their karyotype (2x=16), the species 
seems, to be, Dugesiia talgmaina hassle ees 
is sometimes found in aquaria in Japan 
(cf, Kawakatsu et al., 1985). 
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KARYOLOGICAL AND TAXONOMIC STUDIES OF 
THE DUGESIA SPECIES IN SOUTHEAST ASIA. 
IX. DUGESIA JAPONICA JAPONICA FROM 
TATWAN. 

Mo Kawakatsul \ 1 Oki2 > S) iambic! 2i Keer aee 
Lue3, Mo @akai4, H. Horas | VA Muvosmamdtor 
Osawas. UBiol Lab. | Hugi Women ism Cosas 
Sapporo, 20saka Pref.Inst.Publ.Health, 
Osaka, 3Nat.Taiwan Normal Univ.,Taipei, 
Taiwan, *4Biol.Lab., Saga Med.Coll., Saga, 
and 5Lab.Molec.Gen., Dept.Biol., Fac. 
Seab Nagoya Univ., Nagoya. 


Wea, 


ee es 


In 1984, the five Japanese authors 
Visived Marwan tol Collect, re siniehwetaasoMece. 
narians in cooperation with Lue under 
the project of the "5S rRNA Sequence of 
Preshwater Planarians in Taiwan". The 
Suudy requiced a welelin On 2) vou Gemmer 
the preserved specimens (2000 to 4000 
specimens) from each station. A new bit— 
ing collecting method (Takai's method) 
was employed successfully. In the lowland 
area in tropical and subtropical regions 
of Taiwan, planarians are abundant in the 
habitats fed by underground wavers = ia 
las) loalela eUlivLioWCle eueSel, jolleiazienaias awe 
common in mountain streams. Dugesia jap- 
Onuca” jeapomeay as) dulsiuics OU ue GiiatGlenky Meme 
Tarwan below the altitude of about 4350 
meters. Two karyotypes were found: n=8 
and 2x=16 (Mt. Alishan); (4x-1)+1LB+SB= 
2441~28B (Kenting National Park). 

Seven species of land planarians (Bi- 
palium spp.) were also collected. Taxon-— 
CHL Shiewiclaleys} Ohi) julavewal Cuersx saloyiy alial jop@lolssigsis 
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CESTODE FAUNA OF BATS IN FUKUI PREFECTURE. 
I. Sawada. Biol.Lab., Nara Sangyo Univ. 
Nara * - 


The cestode fauna of cave bats in Fukui 


Prefecture was investigated from the stand- 
point of host-parasite relationship. A lar- 
ge number of Rhinolophus ferrumequinum were 
infected with Hymenolepis rashomonensis pe- 
culiar to this bat, a small number of R.- 
ferrumegquinum with Vampirolepis ogaensis 
peculiar to bats living in the districts 
along the northern part of the Sea of Japan 
north of Gifu Prefecture, R. ferrumeguinum 
from Imajyo-cho with V. shirotanii sp.n. 
and that from Obama-shi with V. isensis pe- 
culiar to R. cornutus cornutus. R.cornutus 
cornutus was infected with V. isensis, 
Miniopterus schrebersii fuliginosus 

with V.hidaensis peculiar to this bat and 
Myotis macrodactylus with V.wakasensis sp. 
n.. V. wakasensis from M.macrodactylus 

is first recorded from Japan proper. From 
the standpoint of bat'"s cestode fauna, the 
following distributional connections among 
bats in Fukui Prefecture are presumed: 1) 
R. ferrumeguinum has intercommunications 
with those in various places of Japan exce- 
pt for that infected with V.shirotanii, at 
Imajyo-cho and for that infected with V. 
isensis, at Obama-shi, 2) R.cornutus cornu- 
tus and M. schreibersii fuliginosus has in- 
tercommunications with those in various pl- 
aces of Japan, 3) M. macrodactylus has in- 
tercommunications with that in Yakusima, 
Kagoshima Prefecture. 
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CHROMOSOMES OF TWO BIPALIUM SPECIES (TRI- 


L.0ki! , S.Tamur 
1Q0saka Pref.inst.F 
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TASMANIAN ROTIFERS IN MID-AUGUST (WINTER) 
M.Sudzuki.Biol.Lab,Nihon Daigaku-Univ.Omiya 


On 17 Aug.1984 during my participation in 
the Symposium on Biol.Res.in the Vestfold 
Hills,Antarctica in Hobart,Tas.a few colle- 
ctions were made for the Microscopic animal- 
cules at a small pond & temporal pools,all 
located in the Margate Golf Course near the 
Antarctic Division,Kingston,with the great- 
est help of Dr.Bayly.I.A.E.Melbourne. 

From the pond-water following species have 
been detected--.Keratella quadrata austra- 
lis: Total length(TL)=230-255um,maximum wi- 
dth (MW)=100-115um, $¢ egg=80 x 52um, 83 =com- 
mon; K.slacki:TL=340-460,MW=110-160,common; 
Brachionus urceolaris sericus:TL=145-275,M 
W=130-215,D@egg=154-160 x 91-98,9% egg=115- 
122 x 88-92,dominant,D&=common;Euchlanis di 
latata:TL=140,MW=110,toe=35 x 10;Notholca 
Tabis var.n:TL=150-155,MW=118-122,median & 
lateral, occipital spines=longest (22um) ,int- 
ermedians=shortest (10um) ,caudal extension= 
3 x 3um but very flexible & withdrawable. 
Ratio of length/width=1.3,extension length 
/lorica length x 100=2.0,extension width/ 
lorica width x 100=2.5;Lecane inermis:comm- 
on;Polyarthra trigla vulgaris: 95 x 70 in 
size,ventral blade=45nm, ateral blade=120sm 
vitellarium with 8 nuclei,common;Synchaeta 
sp.:common;Cephalodella sp g6, mae; Gage 
heca campanulata;C.sp.;Filinia longiseta 
passa:length of caudal bristle/body length= 
1.09,length of lateral bristles/length of 
body=2.14;Philodina sp.;Habrotrocha sp. 

All but one variety,Notholca labis,have been 
found from both the Mainland and New Zealand 
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DISTRIBUTION OF MARINE TARDIGRADA AT A 
BEACH AT TANABE BAY, KII CHANNEL. 

H. Noda, Seto Mar.Biol.Lab., Kyoto Univ., 
Shirahama, Wakayama. 

A faunistic study was made of marine 
Tardigrada at a beach on Hatake-jima 
Island at Tanabe Bay, Kii Channel in June, 
1982. The beach sand was coarse. Samples 
were collected with a core sampler (5 cm 
in height; 100 cm? in volume) serially 
from the sand surface to the water table 
at five stations along a transect across 
the beach. 

Ten species were obtained. Echiniscoi- 
des sp. is assumed to be accidental. The 
other nine are sand dwellers. Five speci- 
es of these nine were restricted in the 
lowest part of the intertidal beach and 
their densities were low. So they can be 
considered as subtidal species. They are 
all halechiniscids. The remaining four 
species, Halechiniscus sp.1, H. sp.2, 
Batillipes sp. and Stygarctus sp., are 
intertidal species. Only a few individua- 
ls of both of two Halechiniscus were coll- 
ected, so I could not know their patters 
of distribution. Batillipes sp., which is 
the dominant species and whose density 
reached 243 indivs. per 100 cm’ of sand, 
was found superficially, though it occurs 
at somewhat greater depths landward as is 
known in some other Batillipes species. 
Stygarctus sp. was found in deep sand at 
the upper intertidal beach as is known in 
some other Stygarctus species. 
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URBAN TARDIGRADES IN TOKYO. 
K.Utsugi. Dept.Biol.,Tokyo Women's Medical 
College, Tokyo. 


To study the urban tardigrades,the moss- 
es grown on soil,rock,concrete or tree 
trunk were collected from 191 locales of 
23 wards in Tokyo ; for example,road side 
of the famous gardens,colleges, shrines or 
temples and so on. 

After macerating the mosses for few 
hours,specimens of tardigrades in the pre- 
cipitation were microscopically examined. 
There were several species at 70 locales 
in all of 23 wards. In Heterotardigrada, 
E.japonicus and E.arctomys belonging genus 
Echiniscus were mainly present in 13 wards. 

In Eutardigrada, although H. (H.) oberhaeu- 
seri and E.(1I.)canadensis belonging genus 
Hypsibius were found in only 4 wards, 
several species representing genus Macro- 
biotus, M.hufelandii,M.hufelandii recens, 
M.hufelandioides,M.intermedius,and M.harms- 
worthi, were commonly present in 19 wards, 
and Milnesium tardigradum was also present 
in 13 wards. 

Among these specimens, two morphologi- 
cally altered types were observed, the one 
type was the various forms of dichotomous 
cirrus lateralis (a) which was found in 5 
individuals of E.japonicus obtained from 5 
different locales. The other type was the 
4 double claws on each leg which was found 
in 2 individuals of M.hufelandii collected 
from same place. 
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A NEW GENUS AND SPECIES OF CELLEPORID 
BRYOZOAN WITH 'ANCESTRULA' OF TRIPLET TYPE 
FROM HOKKAIDO. 

Se Ie Wiewveleciesl., YACC@IL, WNSitop Wao SCilo- 
Hokkaido Univ., Sapporo. 


A new genus and species of celleporid 
bryozoan was collected on leaves of the 
brown alga Sargassum siliguastrum from 
southern Hokkaido. The new species is 
clearly distinguished from species of the 
closely related genus Celleporina by 
having an ‘ancestrula' of triplet type, 
non-tabulated but wholly perforated 
ovicell, and a pre-oral spiramen and round 
arch Vovier the Zooecual oritiices he 
tripled aspect of the ‘'ancestrula' is 
unigue and most diagnostic among all the 
characters of the present species. To 
clarify the process of formation of the 
‘ancestrula', observations of larval 
settlement and post-larval development 
were made under rearing condition. The 
settled larva metamorphosed directly into 
the 'ancestrula', though it was observed 
that the three individual zooids within an 
"ancestrula' were not differentiated 
Simultaneously. The central zooid always 
developed a little earlier than both the 
side ones. The ‘ancestrula', therefore, 
may be recognizable as not a true triplet 
but an ancestrula with two buds of its 
daughter zooids. 
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DIVERGENCE PATTERN OF HORSESHOE CRABS BASED 
ON IMMUNOLOGICAL DISTANCE OF HEMOCYANINS. 
H. Sugita! and K. Sekiguchi2. JiInst. of 
Biol. Sci., Univ. of Tsukuba, Ibaraki and 
2Jobu Univ., Gunma. 


The extant horseshoe crabs are divided 


into two subfamilies, that is, Limulinae 
and Tachypleinae. lLimulinae includes only 
one species, Limulus polyphemus, which 
lives in the waters along the east coast of 
North America. Tachypleinae includes 3 
species, Tachypleus tridentatus, T. igas, 
and Carcinoscorpius rotundicauda, eich 
live in the waters along the southeast and 
east coasts of Asia. These living species 


are very Similar to fossil specimens, Meso- 


limulus, which were found in the Jurassic 
lithographic shale of Germany. Therefore, 
it is considered that the horseshoe crabs 
have undergone little morphological evolu- 
tion during their 200-million-year history. 

In the course of immunological compari- 
son of hemocyanin monomers from the 3 Asian 
horseshoe crabs, we revealed that gene 
duplication for hemocyanin monomer would 
happen in the T. gigas lineage, though we 
could not infer the divergence pattern of 
the horseshoe crabs. In order to infer it, 
immunological distance of hemocyanins 
between Leo tradentatus) andvobhemsspeeras 
was estimated by microcomplement fixation 
method using anti-T. tridentatus hemocya- 
nin serum. Preliminary immunological dis- 


tances were 3.9) (2. Eridenitaitius > Ca Eorunern. 


cauda), 8.7 (T. tridentatus-T. gigas), and 
64 (T. tridentatus-L. polyphemus). 


TS 1 


ON THE STATUS OF THE GENERA jzESOGAMMARUS 


AND ANNANOGAMMARUS BOUSFIELD (AMPHIPODA). 
H.Morino,) Dept.Baol. , lbarakiy Unaivn en maeer 


Bousfield (1979) proposed new generic con- 
cepts within the family Anisogammaridae. 
He erected the genera Jesogammarus and An- 
nanogammarus on the basis of the species 
"Anisogammarus" jesoensis and "Anisogam- 
marus" annandalei, respectively. Recently, 
eight species (most of them are new to sci- 
ence) have been collected from various 
parts of Japan and are related to Jesogam- 
marus jesoensis OY Annanogammarus annan- 
dalei. Among the characters Bousfield (19- 
79) selected to diagnose the genera, coxal 
gills have been also valid for the newly 
obtained 8 species. However, examination 
of interspecific variations of setae of 
Maxililae il and 25 and’ shape of (Gellsonweter 
in them suggests that the gap between J. 
jesoensis and A. annandalei is largely 
filled with other species. In addition, 
cluster analyses of 22 characters in these 
10 species show that J. paucisetulosus can 
be linked to both Jesogammarus -cluster 
and Annanogammarus -Ccluster. Thus, though 
J. jesoensis and A. annnandalei are quite 
distinctive to each other, both are inter- 
grading. 

In conclusion, the genera Jesogammarus 
and Annanogammarus should be demoted to 
the subgeneric rank within the genus Jeso- 
ensis amended. 
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THE ASCIDICOLIDAE (COPEPODA, CYCLOPOIDA) 
ASSOCIATED WITH COMPOUND ASCIDIANS FROM THE 
PACIFIC GOAST OF CENTRAL JAPAN. 

Segotsna and P.L.I1j¢g°. Fac... Sf) Fisn., 
Mie Univ., Tsu and “Dept. of Zool., Univ. 
Beowasn., seattie, U.S.A.. 


Four species of ascidicoles belonging to 
four genera referrable to two subfamilies 
(Haplostominae and Botryllophilinae) of the 
family Ascidicolidae are reported from Ago 
Bay, located on the Pacific coast of Central 
Japan. Three species of them are like Hap- 
lostoma albicatum Ooishi § Iilg, 1977 (fe- 
male), Haplostomides luteolus Ooishi § I1lg, 
1977 (female & male) and Botryllophilus sp. 
Dudley, 1966 (female & male, personal com- 
munication) from the Pacific coast of North 
America respectively. The remaining spe- 
cies is also very similar to Haplosaccus 
sacculus (Chatton §& Brément, 1910) from the 
Mediterranean Sea. However, there are cer- 
tain minute morphological differences be- 
tween the species in the same genus found 
in the different localities. The relation- 
ships between copepods and ascidians from 
Ago Bay are as follows: Haplostoma sp. in- 
?Diplosoma mitsukurii; Haplostomides sp. in 
Amaroucium sagamiense; Haplosaccus sp. in 
Diplosoma mitsukurii; an otryllophilus 
Sp. in Amaroucium sagamiense. 

It is noted that fia lostomella halocyn- 
thiae (Fukui, 1965) is the only species of 
the Ascidicolidae reported from Japan so 
far. 
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ON SOME CUMACEANS AND ISOPODS (CRUSTACEA) 
FROM THE FLORES SEA. 

S. GAMO. Dept. of Biol., Fac. of Educ., 
Yokohama Natl. Univ., Yokohama 


While working on the bathyal peracarids 
taken by the joint research of the marine 
benthic cummunities in the Southeast Asian 
Archipelago with the National Institute of 
Oceanology of Indonesia (LON-LIPI), which 
was carried out by R/V Hakuho-Maru of the 
Ocean Res. Inst., Univ. of Tokyo, During 
22 Jan.-5 Mar., 1985 (KH-85-1). The fol- 
lowing characteristic species were found. 
They were collected from off South of Su- 
lawesi, 558-657 m deep, in the Flores Sea. 

CUMACEA: 1) Cyclaspis sp., a female, 
about 8.3 mm. Carapace strongly calcified 
and sculptured. 2) Cyclaspoides sp., a fe- 
male with marsupium, 8.3 mm. First three 
pedigerous segments fused with carapace. 
3) Alticuma ? sp., an ovigerous female, 
7.6 mm. This specimen resembles Alticuma, 
which was established by Day (1978) based 
on A. serratum (Zimmer, 1921) (=Cyclaspis 
serrata) from South Africa. 

ISOPODA: 4) Munna sp., a female with 
marsupium, 1.2 mm. Body flat and typical 
form of the genus. 5) Munna ? sp., a fe- 
male with marsupium, 2.5 mm. Pleotelson 
unusually elongated, about 1/2 of body 
length. 6) Janirella ? sp., three females 
with marsupium and a male, about 2 mm. 
Body with three frontal and eight pairs of 
lateral projections large and pointed. 
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LARVAL STAGES OF PAGURUS BRACHIOMASTUS 
(THALLWITZ, 1892) (CRUSTACEA: ANOMURA) 
REARED IN THE LABORATORY, WITH NOTES ON 
DIAGNOSIS OF PAGURUS ZOEAS 

Ke NOW end ea NG ashes OU NGA Alen. 2000s LNB tia 
FAG. Ot eSGi.s, .noKkkKaddo. Univ, 


The anomuran fauna of Hokkaido con- 
taines fairly high percentage of paguroid 
species (67 2). The zoeas of the Pagur- 
idae, normally found in the plankton are 
hardly distinguishable from those of the 
Lithodidae due to their close similarity 
in general larval features. From this 
standpoint, the complete larval de- 
velopment of the hermit crab Pagurus 
brachiomastus Thallwitz, commonly found 
in the coast of Hokkaido, is described 
from laboratory-reared materials. The 
present species passed through four zoeal 
stages and one megalopal stage at culture 
conditions of 15 °C temperature and 35 
ppt salinity. We compare main larval 
characteristics between the zoeas of the 
Paguridae and the Lithodidae and discuss 
on the diagnostic characteristics of the 
Paguridae, especially the genus Pagurus. 
Consequently, the Pagurus zoeas can be 
distinguished from lithodid ones by the 
following features: absence of (1) third 
maxillipedal endopod in the early larval 
stages, (2) anal spine on the ventral 
side of telson of the early larvae, and 
presence of (3) endopod of uropod in the 
late stages. 


1iS-/ 


MARINE INTERSTITIAL OSTRACODA FROM 
KUSHIRO, HOKKAIDO. 

S. Hiruta. Biol. Lab., Kushiro College, 
Hokkaido Univ. of Educ., Kushiro. 


A quantitative investigation of marine 
interstitial ostracods was carried out at 
Kushiro, Hokkaido, during a period from 
June, 1983 to June, 1984. The beach 
selected for the present study is charac- 
terized by medium-coarse sand (300-600 y») 
and large tide. 

Up to now, four interstitial ostracods 
were found in the sampling station: 
Psammocythere sp., Microloxoconcha sp., 
and two species of Microcythere. Total 
individual number of ostracods reached 
the maximum in the 30-35 cm depth layer 
of the upper part of the shore with 4764 
per 100 cc sand sample (June, 1983). 

Characteristics in microdistribution of 
these four species are described and 
discussed. Psammocythere sp. and two 
species of Microcythere seem to be living 
in the upper half of the shore.  Micro- 
loxoconcha sp. seems to be distributed in 
the whole shore. All the species except 
Psammocythere sp. show a clear seasonal 
change in vertical distribution, namely 
in warm season, they are distributed in 
the upper layer, and in cold season, they 
move downwards in the sand. Seasonal 
occurrence of the developmental stages in 
each species is also examined in order to 
get information on life-cycles. 
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ORIBATID MITES FROM YORON ISLAND. 
VoNolhsals IWaNSes Ow Miayyslicing Seals Waclam@ils, wor 
kohama Natn. Univ., Yokohama. 


In addition to 17 oribatid species 
known from Yoron Island 41 species are new- 
ly recorded from the island. Two species of 
them, Austrocarabodes sp. and Trhypochtho- 
nius sp., are found to be new species. 
Austrocarabodes lepidus Aoki has hitherto 
be known only from the Bonin Island. Sphae- 
rochthonius splendidus (Berlese) and Liodes 
bataviensis Sellnick are recorded from Jap- 
an for the first time. The species composi- 
tion of oribatid mites of the island is 
more Similar to that of Okinawa Island than 
to that of Amami-Ohshima Island. 


Is is 


INTERSTITIAL ANIMALS FROM SANDY SHORES 
AROUND THE SETO MARINE BIOLOGICAL LABO- 
RATORY, SHIRAHAMA, JAPAN. 

io Ic@)5 SEES Meares WHO, Lala, , Koro 
Univ., Shirahama, Wakayama. 


Some interesting animals which have 
previously been unknown in Japan are 
reported as the member of the intersti- 
tial fauna of sandy shores around the 
Seto Marine Biological Laboratory at 
Shirahama on the Pacific coast of 
southern Honshu, Japan. 

Halammohydra sp. (Cnidaria), two 
Species of turbellarians with spicules 
(one with spicular inclusions, the other 
with simple spicular skeletons), and 
Psammodrilus sp. (Polychaeta) were col- 
lected from coarse sand and pebbles 
deposited at the low-tide level of a 
beach facing to Kanayama Bay. 
Psammodrilus sp. clearly differs from 
other known congeneric species in having 


much more prominent cirri. Batillipes 
Sp. (Tardigrada) and five genera of the 


Gastrotricha (Chaetonotus sp., 

Lepidodasys sp., Macrodasys Ser 
Pseudostomella sp., Ce halodasys s 

= SEINE NSS te ’ p p-) were 
collected from a shallow fine-sand 

bottom in Tanabe Bay. 
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ON TWO SPECIES OF THE GENUS CORYPHELLA 
(NUDIBRANCHIA, AEOLIDACEA) FROM OSHORO, 
WITH SOME ECOLOGICAL ASPECTS. 
Y.J.Hirano | and Y.M.Hirano2 . 

Mukaishima Mar. Biol. Lab., Fac. of Sci., 
Hiroshima Univ., Hiroshima and 2Zo0o01. 
Inst, Bac. (Of (Scie), Hokkaido Umaga 
Sapporo. 


Two species of aeolid nudibranchs of 
the genus Coryphella were sympatrically 
found from Oshoro Bay in western Hokkaido. 
One is C. athadona Bergh, 1875, which has 
been already recorded from some localities 
of northern Japan. The other |(Gascpe)meus 
very similar to C. athadona in general 
morphology. But shape of penis is most 
conspicuously different between the two 
species. White stripes and specks on the 
body surface, degree of roundness of foot 
corner, and denticulation of radula can be 
also discriminated from each other. C. sp. 
was found from only one hydroid species 
(Eudendrium boreale) of rich menu of C. 
athadona (at least seven hydroid species). 
Nematocysts composition in the ceras show- 
ed specialistic feature of C. sp. and 
generalistic one of C. athadona which 
wander from one prey hydroid species to 
another. Eudendrium was mainly fed by 
C. sp. and it was invaded by C. athadona 
Only in particular season. Taxonomic 
consideration indicates that C. sp. should 
be a new species. 


[Sz 


CHROMOSOMES OF ARCHAEOGASTROPODA (MOLLU- 
SCA), WITH SOME REMARKS ON CYTOTAXONOMY 

OF LMPET-FORM SNAILS. 

H.K. Nakamura. Seto Mar. Biol. Lab., Kyoto 
University, Shirahama, Wakayama. 


Karyological information on the Archaeo- 
gastropoda was reviewed based on the data 
stored in CISMOCH (Computerized Index Sys- 
tem for Molluscan Chromosomes), together 
with the results on 40 species investi- 
gated by me. 

Haploid chromosome numbers (N) range from 
9 to 21 in the 76 species of 9 families. 
The Patellidae, Acmaeidae and Neritidae 
have a relatively low N, 9-14; whereas the 
Trochidae, Turbinidae, Stomatellidae and 
Helicinidae have higer N, 18-21. The length 
of the chromosomes at the spermatogonial 
metaphase (CL) ranges mostly from 1-4 um. 
Total diploid CL has been measured for 34 
species, showing an increase as 2N in- 
creases. Chromosome morphologies have been 
investigated in 42 species. Over half of 
the karyotype complements are M/SM in all 
the examined species. 

Conservation in karyotype is apparent in 
most families except in Haliotidae and Fis- 
surellidae. Their inconstant karyotypical 
condition suggests that chromosomal change 
had a significant part in their paedomor- 
phic transition from coiled predecessors. 
On the basis of the 'canalization model' 
of chromosomal evolution their lineage 
could be thought to be rather young. 


te 
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FORMATION AND REPLACEMENT OF RADULAR 
TEETH IN MURICID GASTROPODS. 

Y. Fujioka. Mukaishima Mar. Biol. Stn., 
Hiroshima Univ., Onomichi P.O. 


Radulae of five common muricid gastro- 
pods were examined at Mukaishima Island 
for a period of two years, 1982 to 1984. 
Seasonal conditions affect the size and 
Shape of the radula; in winter it is 
clearly malformed and strikingly thin. 
These aberrant parts gradually migrate 
anteriorly, as new transverse rows are 
secreted by odontoblasts at the posterior 
end of the radular ribbon and used teeth 
are detached from the anterior end. Rate 
of radular formation increased gradually 
as the water temperature rose in the 
summtr. Replacement rate from the begin- 
ning of April to the middle of June was 
calculated at 1.85-2.33 rows/day in Thais 
bronni (Dunker) and 1.86-2.15 rows/day in 
T. clavigera (Kuster). In both species, 
replacement occurred rapidly in young and 
Slowly in older individuals. These results 
suggest that in the field the radula of 
these species is replaced entirely 2-2.5 
times per year and 10-15 times during the 
life of the animal. There was also a 
tendency that the species with long radula 
(fT. bronni and T. clavigera) have a high 
replacement rate while the species with 
short radula (Bedeva birileffi (Lischke) 
and Rapana venosa (Valenciennes)) have a 
slow rate. 
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CHROMOSOME NUMBERS IN LARGE AND SMALL EGGS 
OF TUBIFEX HATTAI (OLIGOCHAETA). 

M. Matsumoto and Y. Abe. Dept. of Biol., 
Fac. of Sci., Yamagata Univ., Yamagata. 

The genus Tubifex is represented by a 
Single species, T. hattai Nomura, in Japan. 
In recent years, two types of eggs, large 
and small, laid by laboratory reared worms 
have been observed. The hatched worms from 
each type were reared separately over sev- 
eral generations. There were differences be- 
tween each type in number of segments and 
live weight of mature worms, but they could 
not be distinguished by differences in mor- 
phology. From the eggs of each type, meiotic 
apparatuses were isolated using isolation 
medium by Sakai et al. in 1976. Our observa- 
tions showed that all chromosomes in the po- 
lar spindle are of uniform size(1um) and the 
pairs of chromatids assume a dumbbell-shaped 
appearance. On polar spindles isolated from 
large type eggs, clear bivalent chromosomes 
of metaphase I were hardly recognized be- 
cause the separation of univalent chromo- © 
somes had already taken place. However, uni- 
valent numbers at the time were c300. When 
the eggs entered anaphase I, chromosome num- 
bers left behind in the egg proper were 
c160. Univalent numbers of the metaphase II 
were c160 and especially at properly spread 
chromosomes of the prometaphase II, the 
chromosome count was 16. On the other hand, 
at the polar spindle isolated from small 
type eggs, univalent numbers of metaphase II 
were c80. Examination of chromosome numbers 
reveals the occurrence of polyploid races 
within same species. 
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TAXONOMIC STUDIES IN THE FOUR TYPES OF THE 

SEA URCHIN, ECHINOMETRA MATHAEI, FROM OKINAWA 
JAPAN. 

T.Uehara and M.Shingaki. Dept. of Biol.Fac. 
of Sci. Univ.of Ryukyus, Nishihara, Okinawa 


Four types of the sea urchin Echinometra 
mathaei which are distinguishable by color 
pattern of spines are seen in the seas 
around Okinawa. The spines of Type A,B,C 
and D are white-tipped, entirely brown, 
dark brownish and uniform black, respectiv- 
ely. Between-types cross fertilization, 
karyotypes and morphological characters of 
the four types were examined to establish 
their taxonomic status in more detail. 

Diploid chromosome number was 42 in the 
four types. From the karyotypes, B type 
urchin has many acrocentrics is very diff- 
erent from other three types,having meta- 
centrics in more than seven chromosome 
pairs. Reciprocal fertilization between 
Type A and B are not always succeeded. 

When Type A (or B) eggs were inseminated 
with Type C (or D) sperm, fertilization 
values were significantly lower. In case of 
Type D¥ x Cé, fertilization values were 
lower than those of within-types crosses. 
Spicules of gonads of Type C and D are 
different to those found in Type A and B. 

Based on these studies it is concluded 
that Type B urchin is distinct species of 
genus of Echinometra and that both type C 
and D maybe separated from Type A (E. math- 
aei), as indicated in between-types cross- 
es. 


To 

MINUTE SPICULES IN THE OPHIUROIDS. 

3 Nee Shésakul M. Komatsu? and C. Oguro?. 
1Notojima Aquarium, Ishikawa, 2Dept. of 
Biol., Toyama Univ., Toyama. 

One of the systematic features of the 
holothuroids is the minute spicules in the 
body wall. However, in the other echino- 
derm groups, the minute spicules are not 
designated as an important feature. 

Present study was performed to know whe- 
ther or not the minute spicules exist in 
the brittle-star using 10 species. 

The minute spicules are found in most of 
the species examined. In Gorgonocephalus 
eucnemus, rods are numerous in the stomach 
but in the reproductive organs very few 
curved rods are found. No spicules are 
recognized in the stomach of Ophionereis 
variegata but meshes are numerous in the 
reproductive organs. In Ophiomastix mixta, 
Sieves are numerous in both the stomach 
and reproductive organs, In Ophioplocus 


japonicus, sieves are present in the re- 
productive organs but no spicules exist in 
the stomach. Many sieve, Y-shaped and an- 
chor spicules are present in the stomach 
of Ophiarachnella gorgonia. Anchors are 
found only in this species. It is remarka- 
ble that no spicules are found in Amphio- 
lus japonicus and Ophiothrix panchyendyta. 
The present study shows that in the ophi- 
uroids each group (suborder, family) seems 
to have its characteristic feature in the 
occurrence and/or type of the minute 
Spicules. 
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NUMERICAL TAXONOMY AS APPLIED TO EXTERNAL 
MORPHOLOGY DATA OF FOUR ORYZIAS SPECIES. 
K.Arail, H.Uwa*, T.Iwamatsu3 and N.Yagol. 
lRadioisotope Res.Inst.,St.Marianna Univ. 
Sch.of Medicine, Kawasaki, 2Dept. of Sci., 
Shinshu Univ., Matsumoto, and °Dept. of 
Biol., Aichi Univ. of Education, Kariya. 


We applied several methods of numeri- 
cal taxonomy to external morphology data 
of four Orizias species, i.e. O.javanicus, 
O.melastigma, O.celebensis and O.latipes. 
Firstly, by applying the principal coordi- 
nates analysis to the data matrix composed 
of eight variables (total body length, 
standard body length, body height, and 
dorsal-, cordal-, anal-, ventral- and pec- 
toral- fin ray numbers), we found that the 
three variables with the dimension of 
length strongly correlated with each other 
and contributed too much to the first 
principal coordinate. Therefore, we elimi- 
nated two of the three length variables. 
Applying the standard body length data 
only together with the six fin ray number 
data to the MINTS program (explored by Dr. 
Ohsumi at the National Institute of Sta- 
tistical Mathematics, Tokyo), we obtained 
a dendrogram that illustrated a beautiful 
classification of the fish into four 
species. Finally, we applied the third 
method of quantification to the above 
data, and found that this method was also 
very effective in classifying the Oryzias 
fish on the basis of the external morpho- 
logy data. 
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REINVESTIGATION OF THE TAXONOMIC CHARACTERS 
OF THE SALAMANDER, HYNOBIUS LICHENATUS. 

II. EXTERNAL FEATURES. 

Masato Hasumi and Hisaaki Iwasawa. 

Biol. Inst., Niigata Univ., Niigata. 


In the breeding seasons of 1983-1985, 
283 adult males and 49 adult females were 
collected from 19 localities in northeast- 
ern Japan. In males 1.38 + 0.65 (Mean + 
S.D.) costal folds were present between 
tips of digits of adpressed limbs on both 
sides of the body (+: overlap), whereas 
-0.58 + 0.62 costal folds in females. 
Axilla-groin length/snout-posterior vent 
length was significantly greater in females 
than in males. The number of costal 
grooves between the axilla and groin, omit- 
ting the axillary groove, was 11 to 12, 
modal number being 11 in both sexes in many 
localities. Individuals from 4 localities 
in Aomori-ken had only 11 costal grooves, 
and the relative frequency of 12 costal 
grooves was much higher in 6 localities 
(e.g., 68.4%, n=38, Ohmagari, Akita-ken ; 
50.0%, n=60, Minakami, Gunma-ken). The 
degree of development of the 5th-toe of the 
hindlimb showed a remarkable local and 
intrapopulational variation. The high 
occurrence of poorly developed 5th-toe in 
some localities was correlated with smaller 
body size as a population. It is concluded, 
therefore, that some of Sato’s opinions on 
the taxonomic characters of this species 
(1943) were incorrect. 
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ISOLATING MECHANISMS AMONG BROWN FROGS FROM 
JAPAN, CHINA, SOVIET UNION AND TAIWAN. 
T.Kawamura!, M.Nishiokal, H.Uedal L.J.Borkin? 
and Z.Wu3 ‘Lab. for Amphibian Biol., Fac. 
of Sci. Hiroshima Univ., Japan. 2Acad. of 
Sci., USSR. and 3Academia Scinica, China. 


Crossing experiments were made among various 
brown frog species and populations collected 
from Japan, China, Soviet Union and Taiwan. 
The main purpose of these experiments is to 
confirm the existence of reproductive iso- 
lating mechanisms among Japanese, Chinese 
and Russian populations of Rana chensinensis 
and between these three populations and the 
other brown frog species distributed in the 
Far East. It was found that there was no or 
a Slight gametic isolation among the three 
populations. About 7-54% of normally cleaved 
eggs obtained from the crossing experiments 
attained completion of metamorphosis, in 
contrast to that about 12-64% did so in the 
control matings. While there was a nearly 
equal number of males and females in the 
control frogs, the hybrid frogs were all 
males. These male hybrids were completely 
sterile in attaining sexual maturity. Thus, 
each of the Japanese and Russian chen. seems 
to be a valid species, distinct from the 
Chinese chen. The Japanese chen. at least 
should be described as Rana ezoensis. 

Although some of the hybrids between Russian 
or Chinese chen. and R. dybowskii, between 
Chinese chen. and R. japonica, and between 
Russian or Chinese female chen. and male R. 
ornativentris completed metamorphosis, all 
of them became sterile males. 
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GENETIC DIFFERENTIATION OF JAPANESE TOADS. 
T.Kawamural, M.Nishioka!l, M.Sumida! and M. 
Ryuzaki2 ‘Lab. for Amphibian Biol., Fac. 
of Sci., Hiroshima Univ., Hiroshima and 
2Dept. of Biol., Kitasato Univ., School of 
Medicine, Sagamihara. 


In order to elucidate the genetic differ- 
entiation of Japanese toads, 14 enzymes and 
2 blood proteins were analyzed by starch- 
gel electrophoresis in a total of 525 indi- 
viduals including Bufo japonicus japonicus, 
B.j.montanus, B.j.torrenticola, B.j.yaku- 
shimensis and B.j.miyakonis collected from 
40 stations. The results showed that these 
enzymes and proteins were controlled by 22 
loci. The fixation indexes (Fst) were 
0.0688-0.9464, 0.3655 on the average, while 
they were 0.0688-0.7729, 0.2374 on the 
average, in the 39 populations excepting 
B. j. miyakonis. A gradient from east to 
west was found in the frequency of dominant 
alleles at the loci of AAT-A, IDH-B, ME-B 
and MPI. The rates of heterozygotes and 
polymorphic loci were 10.6% and 38.8% on 
the average, respectively. The mean number 
of alleles per locus! was 1.05—1).95)aele Omen 
the average. When the phylogenetic tree 
is constructed from Nei's genetic distances 
by the UPG method, it is found that B. j. 
miyakonis is distantly separated from the 
other Japanese toads, which are roughly 
divided into the eastern and western groups. 
The phylogenetic tree shows that B. j- 
torrenticola belongs to the western group. 
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GENETIC DISTANCE OF KOREAN WEASEL AND 
JAPANESE EL 
.Watanabe!, Y.Kawamoto and M.Harada>. 
Dept.of Zool., Fac. of Sci., Kyoto Univ., 
Kyoto, “Dept. of Anima} Sci., Facot Agr., 
Nagoya Univ., Nagoya, ~Med. School, Osaka 
City Univ., Osaka. 


In the last meeting, we reported on the 
result of comparison of blood proteins 
between Korean weasel and Japanese weasel, 
and stressed on the probability that these 
two forms represent two different species. 
This time, while trying to confirm this 
taxonomic account, we discussed upon the 
validity of Japanese small weasel, the 
subspecies of Japanese weasel,on the basis 
of further more data. First, variation in 
eighteen loci were investigated for blood 
proteins of specimens from several 
localities by starchgel and polyacrylamide 
-gel electrophoresis. Genetic distances 
(D) among the three forms,calculated after 
Nei (1972)'s method, were as follows : 
Korean weasel vs. Japanese weasel, D=0.250; 
Japanese weasel vs. Japanese small weasel, 
D=0.003. Considering that D value for 
ermine Mustela erminea and pole cat M. 

utorius,calculated by the previous author, 
was 0.211, D value for Korean weasel and 
Japanese weasel strongly proposed again 
that these two forms should be regarded as 
two different species.On the other hand,we 
suppose that Japanese weasel can not be 
divided into subspecies based on the 
present data as well as morphological ones. 
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[Book Review] 


© 1985 Zoological Society of Japan 


Cellular Regulation and Malignant Growth 
Lipmann Symposium 


SETSURO EBASHI, editor. 


Japan Scientific Societies Press, Tokyo and Springer-Verlag, Berlin. 


1985. 503 pp. 


This book consists of 52 papers dedicated to 
Professor Fritz Lipmann in celebration of his 85th 
birthday at the Third Lipmann Symposium held, 
May 24-28, 1984, at Lake Kawaguchi, near Mt. 
Fuji, Japan. Fritz Lipmann (1899- ) is un- 
doubtedly among the greatest biochemists in this 
century. He has been world famous for his inven- 
tion of the conception that energy-rich phosphate 
bonds in ATP is an energy currency in vivo in 1941 
and his discovery of Coenzyme A in 1945. 

Distinct from usual celebration volume, Lip- 
mann himself has contributed a paper entitled 
“Comparison of phosphorylation and sulfation of 
proteins. The decrease in sulfated proteins and 
uptake of sulfate in avian sarcoma virus infected 
rat embryo fibroblasts” (pp. 393-400). This novel 
work may create a new sensation for the under- 
standing of the mechanism of oncogenesis. 

The contents of this book are grouped into 5 
categories. In “Gene Expression”, E. W. Davie 
(Univ. Washington) describes the structure and 
function of human prothrombin and its gene. In 
“Regulation of Gene Expression”, Y. Kaziro 
(Univ. Tokyo) summarizes his work on the 
mechanism of mRNA capping reaction. In “Reg- 
ulation of Cellular Activities”, J. Baddiley (Univ. 
Cambridge) reports his work on the formation of 


bacterial cell wall. K. Kurahashi (Osaka Univ.) 
concisely reviews his contribution to the biochem- 
istry of antibiotic peptides including subtilin. In 
“Growth and Development”, T. Mikawa and S. 
Ebashi (Natl. Inst. Physiol. Sci.) emphasize the 
use of fluorescent albumin as lineage-linked cell 
tracer in developing Xenopus embryos. F. Chape- 
ville (Univ. Paris) deals with unusual sexual 
differentiation in turtles. E.R. Stadtman (Natl. 
Inst. Health) describes his recent interesting work 
on oxidative inactivation of enzymes. Finally, in 
“Cell Transformation”, Y.Nishizuka (Kobe 
Univ.) summarizes his elegant research on the role 
of protein kinase C in the action of tumor pro- 
moters. 

The above are just a few among stimulating 
presentations that are very hard to be mentioned 
in every detail because of broad areas of biochem- 
istry and cell biology. The reviewer, however, can 
assure every reader of this Zoological Science that 
there are at least several papers very attractive and 
worth reading in this volume. 


KoscAkK MARUYAMA 
Chiba University 
Chiba, Japan. 
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Neurosecretion and the Biology of Neuropeptides 


HIDESHI KOBAYASHI, HOWARD A. BERN and AKIHISA URANO, editors. 
Japan Scientific Societies Press, Tokyo and Springer-Verlag, Berlin. 


1985. 544 pp. 


This multiauthored book is based on papers 
presented at the Ninth International Symposium 
on Neurosecretion held at Susono-shi, Japan in 
1984. It is composed of eight sections consisting of 
62 papers and introductory and concluding re- 
marks by contributors, most of whom working 
extensively in the field of neurosecretion (authors 
count 114 from abroad and 56 Japanese). The 
titles of eight sections, which by themselves repre- 
sent recent trends of research of this field are: 1. 
Biosynthesis, processing and release of neurohor- 
mones. 2. Functional morphology of neurosecre- 
tory systems. 3. Control of neuroendocrine cell 
activity. 4. Peptidergic neurotransmission and 
neuromodulation. 5. Brain-gut peptides. 6. In- 
vertebrate neurosecretion. 7. Caudal neurosecre- 
tory system. 8. Neurosecretion and biorhythms. 

The concept of neurosecretion was first pro- 
posed by Ernst Scharrer in 1936 and substantiated 
by Bargmann in 1949. Studies of the presence of 
hypothalamic releasing and inhibiting factors were 
undertaken by many investigators, and the concept 
of hypothalamo-hypophyseal neurosecretory sys- 
tem has been established. Enami in 1955 defined 
another vertebrate neurosecretory system in the 
urophysis of teleosts. Enami’s study was _ suc- 
ceeded by a number of biologists, especially Bern 
and Lederis, and is currently attaining success with 
chemical and physiological identification of 
urotensins, as can be seen in this book. The study 
of neurosecretion has made great strides through 
recent advances in electron microscopy, immuno- 
histochemistry, biochemistry, neurophysiology 
and molecular biology. These approaches support 
our concept of neurosecretion, but destroy the 
concept as well, because the boundary among 
neurohormones, neuropeptides and neurotrans- 


mitters has become almost completely obliterated. 
Facing to this situation, Sano proposed the term 
“intercellular information transmitters” to compile 
all of the above-mentioned substances. Concept 
of neurosecretion is further complicated by the fact 
that several peptides may occur simultaneously in 
the same neuron. Colocalization of neurohor- 
mones and neuropeptides has also been reported 
in this volume (Boer and Roubos; Porchet et a/.). 
Future growth of the list of colocalization may 
bring forth challenging projects on linking the 
findings in physiological and morphological 
studies. 

As the same peptides, particularly brain-gut 
peptides are detectable widely in the animal king- 
dom, the boundary between vertebrate and in- 
vertebrate became also less distinct. Therefore, 
special emphasis was laid on invertebrate system in 
this symposium. In a short chapter of round table 
discussion led by Berta Scharrer, the possible use 
of invertebrate models for the study of peptide- 
controlled biological processes occurring through- 
out the animal kingdom is stressed. 

This that the doctrine of 
neurosecretion has changed considerably during 


volume shows 
the last two decades and is even more rapidly 
changing. Thus, this book affords updated in- 
formation and may inspire readers to feel interest 
in the fields of neuroendocrinology and the biology 
of neuropeptides. It is impossible to predict how 
much new information will be added in the near 
future through the collaboration of specialists rep- 
resenting different disciplines. 


SEIICHIRO KAWASHIMA 
Hiroshima University 
Hiroshima, Japan. 
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What Darwin Began. Modern Darwinian and 
Non-Darwinian Perspectives on Evolution 


LAURIE ROHDE GODFREY, editor. 
Allyn and Bacon, Inc., Boston and London. 


1985. 305 pp., index. 


Now, as L.R. Godfrey, the editor of this 
volume, says in her Preface, ‘some of the basic 
premises of the current evolutionary orthodoxy, 
neo-Darwinism, have been challenged by several 
leading evolutionary biologists’. Thus novel 
theories are advanced about the mode and the 
cause of evolution. There issued various debates, 
of which the most serious are, according to the 
editor, the neutralist/selectionist debate; the clad- 
ist/evolutionary taxonomist debate; the punc- 
tuationist/gradualist debate; the debate over 
neo-Lamarkism, and so on. Besides these, de- 
bates concerning the methodological or logical 
problems of evolutionary theories, such as whether 
the interpretation of evolution by natural selection 
of the fittest is a tautology or not, exist and are also 
serious. 

What Darwin Began deals with these themes and 
is very systematically edited. The volume is 
divided into four sections: 1. Historical and 
Philosophical Perspectives on Darwinian Explana- 
tion; 2. Modern Challenges to Neo-Darwinism; 3. 
Evolution and the Public; 4. The Age of Discov- 
ery. Each section consists of two to five articles or 
essays. One of the most important essays is Natu- 
ral Selection and Neutral Evolution by Motoo 
Kimura, which belongs to Section Two. The 
author, as the founder of the neutral mutation- 
random drift hypothesis (so-called the neutral 
theory), not only presents detailed explanation of 
this hypothesis, but with this essay he also covers 
considerably wide fields of molecular evolutionary 
studies. 


Another especially important one in Section 
Two is Evolutionary Tempos and Modes: a Paleon- 
tological Perspective by Niles Eldredge. Major 
theme of this essay is the theory of the punctuated 
equilibria, which the author has erected with S. J. 
Gould in early 1970s. He argues about the relation 
of macroevolution to microevolution and states in 
his discussion on the nature of speciation that 
‘punctuationists and gradualists have two radically 
different concepts of species in mind’. S.D. 
Schafersman’s essay in Section Three, entitled 
Anatomy of a Controversy: Halstead vs. the British 
Museum (Natural History), includes the debate on 
the methodology of taxonomy centering around 
the cladistics. The author emphasizes that this 
debate ‘is fascinating and deserves the attention of 
a wide audience’. The principles of cladistics and 
its bearing on the evolutionary studies and on the 
philosophy of science are very clearly elucidated. 

Many students of zoological science probably 
will take a great interest in two essays of Section 
Four; The Origin of Life by H. J. Morowitz and 
The Evolution of Complex Animals by J. W. 
Valentine. In the latter essay, Valentine argues the 
problems concerning the origin of the eukaryotic 
organization, the rise of multicellularity, and the 
rise of animal body plans. What role was played 
by the primitive burrowers for the rise of coelomic 
animal phyla, how animals with skeletons consist- 
ing of durable materials have evolved, and other 
interesting themes are discussed by the author. 


RYUICHI YASUGI 
Tokyo, Japan. 
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ANNOUNCEMENTS 


THE 57TH ANNUAL MEETING OF THE ZOOLOGICAL 
SOCIETY OF JAPAN 


The 57th Annual Meeting of the Zoological Society of Japan will be held at Kyushu University 
from October 10 to 12, 1986. Further information and application form will be sent to the 
domestic members in April issue of ‘Biological Science News’ (No. 173). The deadline for 
application is July 15, 1986. 

For application from foreign countries, please contact: 

Prof. HipEKI TATEDA 

Organizing Committee of the 57th Annual Meeting 
of the Zoological Society of Japan 

c/o Department of Biology, Faculty of Science, 
Kyushu University, 

6—10—1 Hakozaki, Higashi-ku, Fukuoka 812, Japan. 
Phone: 092-641-1101, Ext. 4400. 


ZOOLOGICAL SCIENCE AWARD 


Annual awards for the best original papers have been established through the donation of 
Narishige Scientific Instrument Laboratory, Tokyo. The sum of about 500,000 yen will be 
awarded annually at the Annual Meeting of the Zoological Society of Japan to a few papers 
published in ZOOLOGICAL SCIENCE during the preceding calendar year. Every original 
papers published in this journal will automatically be candidates for the award. The aim of the 
award is to encourage contributions to this international journal. Selection Committee for the 
award will be organized every year. 

ZOOLOGICAL SCIENCE AWARD 1984 was awarded to the following four papers. 
CHITARU OGuRO, MASAKO Fusyimori and YuICHI SASAYAMA: Changes in the Distribution of 

Calcium in the Frog, Rana nigromaculata, following Ultimobranchialectomy and Calcitonin 

Administration. Vol. 1, No. 1, pp. 82-88. 

Jun-Icu1 Aoki: New and Unrecorded Oribatid Mites from Amami-Ohshima Island, Southwest 

Japan. Vol. 1, No. 1, pp. 132-147. 

MICHITAKA MasupDa and Hipemi Sato: Reversible Resorption of Cilia and the Centriole Cycle in 

Dividing Cells of Sea Urchin Blastulae. Vol. 1, No. 3, pp. 445-462. 

Mitsuru SaKAizuMI: Rigid Isolation between the Northern Population and the Southern 

Population of the Medaka, Oryzias latipes. Vol. 1, No. 5, pp. 795-800. 
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